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Noll He 


Tue superior nutritive value of 
enriched bread over unenriched bread is 
emphasized by analytical data recently 
published by the United States Department 
of Agriculture.! Comparison of the two 
kinds of bread indicates how much more 
effectively enriched bread contributes to 
nutritional needs. 


Since enriched breads represent an esti- 
mated 85 per cent of all commercially pro- 
duced bread, the evidence shows that bread 
enrichment has notably increased the B 
vitamin and iron intake of our population. 


For this reason enriched bread, since 1941 
(when it was first marketed), has been a 
valuable aid in reducing the incidence of 
attributable deficiency diseases.3,4 


But enriched bread contributes to good 
nutrition in other ways, too. The 13 grams 
of protein supplied by 51% ounces (esti- 
mated average daily consumption) aids 
notably in the satisfaction of the daily pro- 
tein requirement. Since virtually all 
enriched bread today contains substantial 
amounts of nonfat milk solids, its protein 
—consisting of flour and milk proteins—is 
biologically effective for growth as well as 
tissue maintenance. 


NIACIN 





Because of its high nutrient value, its 
easy and almost complete digestibility, and 
its universally accepted pleasant, bland 
taste, enriched bread merits a prominent 
place not only in the general diet, but in 
special diets as well. In many reducing diets 
3 or more slices daily are included. The 
average slice of machine-sliced enriched 
bread supplies only 63 calories. 


At notably low cost, enriched bread is 
making a valuable contribution to the nutri- 
tional health of the American people. 


. Watt, B.K., and Merrill, A.L.: Composition of 
Foods—Raw, Processed, Prepared, United 
States Department of Agriculture, Agricultural 
Handbook no. 8, 1950., 


2. Data furnished by the Laboratories of The 
American Institute of Baking, Chicago, Illinois. 


3. Sebrell, W.H., Jr.: Trends and Needs in Nutri- 
tion, J.A.M.A. 152:42 (May 2) 1953. 


. Flour and Bread Enrichment, 1949-50, The 
Committee on Cereals, Food and Nutrition 
Board, National Research Council, 1950. 


The Seal of Acceptance denotes that the 
nutritional statements made in this adver- 
tisement are acceptable to the Council on 
Foods and Nutrition of the American 
Medical Association. 





B VITAMIN AND IRON CONTRIBUTION OF 512 OUNCES*® OF ENRICHED AND UNENRICHED BREADS AND PERCENTAGES OF 
RECOMMENDED DAILY ALLOW ANCES** 
ENRICHED BREAD UNENRICHED BREAD 


Percentages of (of former yeors) 


Amounts Recommended Daily Amounts Percentages of 
Allowances Recommended Daily 


Allowances 
THIAMINE 0.37 mg. 25% 0.08 mg. 5% 


NIACIN 3.40 mg. 23% 1.40 mg. 9% 
RIBOFLAVIN 0.23 mg. 14% 0.09 mg. 6% 
IRON 4.10 mg. 34% 1.10 mg. 9% 











*An estimated amount of bread consumed daily by the average person. 
**Daily dietary allowances (1953) rec ded by the National Research Council for a fairly active mon 45 years of age, 67 inches 


in height, and weighing 143 pounds. 
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", . . the gastric secretion is the immediate agent of mucosal 
tissue digestion. ... Opposed to this stands the defensive factor 
. . . the two-component mucous barrier’! |the protecting layer 
of mucus and the mucosal epithelium]. 


Rotational gastroscopic views showing coating effect 14% hours 
after administration of Amphojel.* 


Causation — key to treatment in peptic ulcer 


Through topical action alone, AMPHOJEL 
contends with the local causes of ulcer— 
aggressive acidity coupled with impairment 
of the wall defenses. Providing a dual ap- 
proach, AMPHOJEL combines two aluminum 
hydroxide gels, one reactive, one demul- 
cent. The reactive gel combats the attack- 
ing factor in ulcer by promptly buffering 
gastric acid. The demulcent gel promotes 
healing of the denuded mucosa by forming 


a viscous, protective coagulum. 


AMPHOJEL—nonsystemic, nontoxic—pro- 
vides time-proved fundamental therapy in 


peptic ulcer. 


eS AMPHOJEL 


ALUMINUM HYDROXIDE GEL 


Supplied: “3 bottles of 12 fluidounces 
Tablets, 5 grain, boxes of 30, bottles of 


100; and 10 grain, boxes of 60 and 1000 Wi, - 

References: 1. Hollander, F.: Arch. Int. Med. 93:107 (Jan.) 1954 Wyeth 
2. Deutsch, E.: Scientific Exhibit, Gastroscopy, ® 
Clinical Meeting A.M.A., St. Louis, December, 1953 Philadelphia 2, Pa. 
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VERALBA 


BRAND OF PROTOVERATRINES A AND B 


VERALBA, the first veratrum preparation ever standardized completely by chemical 
assay, permits precise, individualized doses. Because VERALBA potency does not vary, 
uniform responses are assured and maintained over prolonged periods without the need 
for increased dosage. VERALBA stimulates only those reflex mechanisms which normally 
control blood pressure. There is no “shift” of blood volume...no adrenergic or ganglionic 
blockade...no vascular muscle paralysis...minimal risk of dangerous toxic phenomena. 


Supplied in scored tablets of 0.2 mg. and 0.5 mg.; also in 10 cc. multidose vials. 
PITMAN-MOORE COMPANY 


DIVISION OF ALLIED LABORATORIES, INC. 
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when resistance to other 


antibiotics develops... 


‘hloromycetin 


Current reports’” describe the increasing incidence of resistance among many 
pathogenic strains of microorganisms to some of the antibiotics commonly in 
use. Because this phenomenon is often less marked following administration of 
CHLOROMYCETIN (chloramphenicol, Parke-Davis), this notably effective, broad 


spectrum antibiotic is frequently effective where other antibiotics fail. 


Coliform bacilli—100 strains 
up to 43% resistant to other antibiotics; 
2% resistant to CHLOROMYCETIN.! 


Staphy lococcus aureus—50O0 strains 
up to 73% resistant to other antibiotics; 
2.4% resistant to CHLOROMYCETIN.2 


CHLOROMYCETIN is a potent therapeutic agent and, because certain blood dyscra- 
sias have been associated with its administration, it should not be used indiscriminately 
or for minor infections. Furthermore, as with certain other drugs, adequate blood 


studies should be made when the patient requires prolonged or intermittent therapy. 


(1) Kirby, W. M. M.; Waddington, W. S., & Doornink, G. M.: Antibiotics Annual, 1953-1954, New 
York, Medical Encyclopedia, Inc., 1953, p. 285. (2) Finland, M., & Haight, T. H.: Arch. Int. Med. 
91: 143, 1953. 
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METAPHYSEAL DYSPLASIA, EPIPHYSEAL DYSPLASIA, DIAPHYSEAL 
DYSPLASIA, AND RELATED CONDITIONS 


|. Familial Metaphyseal Dysplasia and Craniometaphyseal Dysplasia; Their Relation to Leontiasis 
Ossea and Osteopetrosis; Disorders of “Bone Remodeling” 


W. P. U. JACKSON, M.D. 
CAPE TOWN, UNION OF SOUTH AFRICA 
FULLER ALBRIGHT, M.D. 
BOSTON 
GARTH DREWRY, M.D. 
MINNEAPOLIS 
JOSEPH HANELIN, M.D. 


BOSTON 
AND 


MITCHELL I. 


RUBIN, M.D. 


BUFFALO 


HE DEVELOPMENT of a bone 
is a complicated process. A long 
bone arises from a solid mass of mesen- 
chyme which turns into a strong but 
delicate and light tubular structure, con- 
stantly adapting its architecture to the 
needs of bodily growth and stresses and 


strains. 


METAPHYSEAL DYNAMICS 

The metaphysis of a bone is that part 

of its shaft which adjoins the epiphysis ; 
we do not attempt to define its exact 
extension in the other direction. It is 
that part of the bone where the effect 
of recent often the 
transverse lines produced by any seri- 


events is shown 
ous illness, the dense bands of elemental 
phosphorus poisoning, the chondromas 
arising from nests of trapped epiphyseal 
cartilage cells, and so forth. It is partic- 


ularly here that deficient molding and 
remodeling of a growing bone may be 
seen. Thus, the normal graceful and rapid 
tapering from the wider epiphysis to the 
narrower tubular shaft may not occur. 
At the same time, the internal remodel- 
ing of primary trabeculae into cancellous 
hone may be abnormal or incomplete. 
The result may be an “expanded” me- 
taphysis of subnormal strength. Figure 
1 shows lack of such remodeling in 
diagrammatic form (after Pyle‘). 

We here report cases of some familial 
bone diseases exemplifying a widespread 
failure of metaphyseal remodeling or 
“tubulation” and consider their relation 
to each other. 


FAMILIAL METAPHYSEAL DYSPLASIA 
This rare condition was probably first 
described, in a skeleton in an anatomical 


From the Department of Medicine of the Harvard Medical School, Medical Service of the 
Massachusetts General Hospital, and the Children’s Hospital, Buffalo. 

The expense of these studies was defrayed by grants from Ayerst, McKenna and Harrison, 
Ltd.; the American Cancer Society, on the recommendation of the Committee on Growth of the 
National Research Council, and the National Cancer Institute, National Institutes of Health. 

Eli Lilly Research Fellow, 1953; lately Assistant in Medicine at the Massachusetts General 


Hospital and Harvard University; at present with Department of Medicine, University at Cape 
Town (Dr. Jackson) ; Resident in Radiology, University of Minnesota Hospital (Dr. Drewry) : 
Associate Radiologist, Department of Radiology, Massachusetts General Hospital (Dr. Hane- 
lin) ; Pediatrician-in-Chief, The Children’s Hospital, Buffalo (Dr. Rubin). 
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Fic. 


As the bone grew in length it 
should have changed shape, in 
that the shaded part (A) should 
have been absorbed. At the 
same time the cortex should have 
thickened up to form the portion 
marked B. 


Fig. 1.—Lack of remodeling as illustrated by 
Pyle.17 Reproduced with permission from The 
Journal of Bone and Joint Surgery. 


INTERNAL MEDICINE 


Fig. 2—Left lower limb of skeleton (E 386) 
from Hamann 8 Ingalls!° (reproduced 
with permission from 4. M.A. Archives of 
Surgery, American Medical Association. View 


and 


on left is an x-ray of coronal section to show 
appearance of the bone. Note wide metaphyses, 
increase of spongy bone, thin cortex, and loss 
of medullary cavity. 





METAPHYSEAL DYSPLASIA 
museum, by Hamann * in 1910 ( Fig. 2*). 
Possibly the left femur and tibia from an 
ancient Nubian, described in 1902 by 
Smith and Wood-Jones,’* were examples 
of this disorder. The first live case was 
a boy of 3 reported by Pyle? in 1931. 
Later, Bakwin and Krida ’ described this 
child further and also described his sister, 
who showed precisely the same condition. 
The disorder appears to consist essen- 
tially of a symmetrical expansion of the 
metaphyses of the long bones. In these 
regions the cortex is excessively thin, 
the bone being of uniform appearance 
throughout, and poorly mineralized, with 
smudgy coarse trabeculation. The normal 
differentiation between cortex and me- 
dulla is lost (Figs. 2 and 3). The lower 
end of the femur resembles an Erlen- 
meyer flask in shape (Fig. 36). As Pyle 
pointed out, this is not really “expan- 
sion” but failure of constriction. (In this 
way it differs from diaphyseal dyspla- 
sia,'* in which cortical expansion occurs 


from the laying down of new periosteal 
bone.) Normal tubulation of the affected 
bone occurs only in midshaft, where the 
cortical bone may be a little thicker than 


normal. 

The tubular bones may be involved 
at both ends (e. g., tibia) or at one 
end only; the determining factor seems 
to be whether the metaphysis in question 
normally decreases in circumference as 
it moves shaftward from the epiphysis. 
Thus, the upper end of the femur nor- 
mally shows little constriction distally 
from its epiphysis, and it is relatively 
a 

* The specimen, No. E 386, of the Hamann 
Museum, at Western Reserve University, 
which was described by Hamann®’ and by 
Ingalls,'° is illustrated in Figure 2. The ma- 
terial of this museum has been moved many 
times in recent years and has passed under 
several different custodians. However, through 
the courtesy of Dr. Carl C. Francis and Dr. 
Hyman L. Friedell we have obtained an x-ray 
of specimen E 386, which is reproduced in 
Figure 2. 


ME TAPHYSEAL 


DYSPLASIA OSTEOPETROSIS 


NORMAL 


Fig. 3.—A, representation of coronal sec- 
tions. Note that the marrow cavity is much 
reduced in all the abnormal bones. Black, com- 
pact bone; cross hatching, cancellous bone; 
white, marrow cavity. B, Erlenmeyer flask. 
The shape of the lower ends of femora which 


fail to remodel is likened to this vessel. 





Fig. 4 (S. G.; Case 1).—Note (1) porosis, 
best seen in puboischial region; (2) wide 
ischiopubic ramus; (3) thin cortex (except in 
femoral midshaft); (4) slight widening of 
upper femoral metaphyses; (5) bowing of 
right femur (? old fracture) ; (6) metaphyseal 
changes at lower ends of femora. 


less affected. The metacarpals and pha- 
langes are particularly instructive. Each 
bone has only a single epiphysis; it 
follows that each bone has only a single 
metaphysis; it is not surprising that the 
metaphyseal dysplasia is confined to the 
end with the epiphysis. Thus the distal 
ends of the second to fifth metacarpals 
and the proximal ends of the first meta- 
carpal and of the phalanges are affected 
(Fig. 7). Failure of constriction may be 
best seen in anteroposterior views of the 
lower portion of the femur and upper 
end of the tibia. Normally the smoothly 
curving outline is everywhere concave 
from the condyles up, but with defec- 
tive metaphyseal remodeling it is more 
convex. 


The femur, tibia, and fibula may also 
be abnormally long. This increase in 
length is shown by Ingalls,’° in the 
museum skeleton, to be due to prolonged 
metaphyses, as evidenced by great in- 
crease in popliteal length. The bones also 
bend, the femur bowing forward and the 
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left tibia describing a neat S bend (re- 
versed S on the right, Fig. 34). 


The eprohyses appear normal; bone 
Dn} 


age is not affected; general health does 
not suffer ; anemia does not develop, and 
teeth are not abnormal. Pyle’s patient 
complained of knock knee." 

The 


soft in 


affected bone was excessively 
Pyle’s case at osteotomy, but 
healing was normal. Ingalls cut a fron- 
tal section of the femur from his skeleton 
and showed that the abnormal portion 
was filled with irregularly disposed can- 
cellous bone (Fig. 2), so that the marrow 
cavity was reduced to a small channel 
in the center of the upper half of the 
hone (Fig. 3A). 

We have seen the following examples 
of the condition in an American-Italian 
family. 

Case 1—S. G. (M. G. H. 801728), a preg- 
nant white woman of 32 years was 62 in. (155 
cm.) tall and weighed 127 Ib. (57.2 kg.). She 
developed lower back pain with radiation down 
the left leg while on her honeymoon. Her hus- 
band weighed over 200 Ib. (90 kg.). She was 
found to have a fractured vertebra (see below). 

Some two years previously she had broken 
her right clavicle and left fourth metacarpal 


Fig. 5 (S. G.; Case 1).—Symmetrical, wide, 
uniformly fuzzy, cancellous bone in region of 
knees, with absence of cortex. 





METAPHYSEAL DYSPLASIA 


Fig. 6 (S. G.; Case 1).—Metaphyseal ex- 
pansion; “S”-bent tibiae. Note that the cortex 
is thick in midshaft but virtually absent at 
metaphyseal ends. 


from what would seem to have been inadequate 
trauma. Our x-rays revealed two old rib frac- 
tures, which she thought may have been caused 
by leaning over the front seat in the car. 

We found no abnormality outside the skeletal 
system. There was restriction of movement of 


the lumbar spine and of abduction of the flexed 


hip. Hyperextension at the knees was possible 
to about 8 degrees. The tibiae were somewhat 
bowed, concavity forward. 

alkaline 


Serum calcium, and 


phosphatase levels and blood counts were nor- 


phosphorus, 


mal. 

Measurements.—Height, 62 in. (155 cm.) ; 
upper segment (head to top of pubis), 31 in. 
(77.5 cm.) ; span, 61 in. (152.5 cm.) ; lower 
segment (floor to top of pubis), 3!>in. (77.5 
cm.); femur (anterior inferior iliac spine to 
knee joint), 20% in. (51.25 cm.) ; tibia (knee 
13% in. (33.75 These 
measurements indicate a long femur (some 2 
in. [5 cm.] longer than that of her taller 
brother). This phenomenon has previously been 


to malleolus), cm.). 


described in metaphyseal dysplasia.+ 
a 


+ References 1, 9, and 10. 


Roentgenograms.—X-ray findings were as 
follows: 

Skull : thi 
bones ; pituitary fossa normal. 


very cranial vault and facial 


Thorax: ribs demineralized but not ex- 
panded; old healed fractures of right second 
and left seventh ribs; clavicles normal. 

Spine: generalized porosis; fracture through 
the body of left fourth lumbar vertebra, which 
has allowed partial collapse of the superior 
vertebral plate. 

Pelvis (Fig. 4): demineralized; ischiopubic 
ramus much widened, with no cortex apparent. 

Femora: gross expansion, with thin abnor- 
mal bone pattern and loss of cortex toward 
lower halves (Fig. 5); changes at upper ends 
similar but much less marked (Fig. 4). 

Legs (Fig. 6) : same metaphyseal changes in 
tibiae and fibulae, with expansion at both ends 
and constricted central portions, with perhaps 
overthick cortices; S-shaped bowing present. 

Hands (Fig. 7) : phalanges, metacarpals, and 
distal ends of radii very porotic; the bone ex- 
panded and structureless, with the cortex ex- 
tremely thin in the metaphyseal regions (for 
discussion, see above). 

Feet: affected like hands, though to a less 
degree. 

Teeth: well-formed; lamina dura intact. 

Summary of X-Ray Findings: There are 
three distinct abnormalities: (1) generalized 
osteoporosis; (2) symmetrical widening and 
homogeneous translucency of the metaphyses, 
with thinning of the overlying cortex; (3) 
fractures (probably pathological) in both the 
osteoporotic and the dysplastic bone. 


Fig. 7 (S. G.; Case 1).—Wide and porotic 
metaphyseal regions in metacarpals and pha- 
langes. (For discussion refer to text.) 





A. 


i 


Fig. 8—X-ray of biopsy specimen from tibia 
of S. G. (on left) and from corresponding 
area of normal person (on right). The two 
fragments were of equal size. Note decreased 
density in fragment from S. G. This is in agree- 
ment with the over-all diminished bone density 


of the metaphyses (see Figs. 5 and 6). 


Biopsy—A biopsy of the medial aspect of 
the upper left tibia was carried out by Dr. Otto 
Aufranc. 

X-ray 


specimen from tibia of normal woman of the 


of biopsy specimen and of control 


same age (Fig. 8) shows that there is a dif- 
ference in the density and distribution of the 
trabeculae. In comparison with the normal, 
S. G.’s bony texture appears to be coarser, 
with the trabeculae separated trom each other. 

Microscopy (Dr. Benjamin Castleman) .— 
“Cortical bone appears moderately thinned ; the 
spongy bone normal. All bone is of mature 
type with 
cement lines. The marrow is composed of adi- 


normal Haversian systems and 
pose tissue. No abnormal osteoblastic or osteo- 
clastic activity is seen and the periosteum ap- 
pears normal.” 

Thus, there appears to be no abnormality in 
the formation of bone from cartilage and, un- 
like the state of affairs in osteopetrosis, there 
is fairly remodeling. The 
coarseness and porosis shown by x-ray are not 


normal internal 
made out microscopically. 

Case 2.—R. M. (mother of S. G.), M. G. H. 
805536, a 53-year-old Italian woman, was ex- 
amined because of her relationship to S. G. 
(Case 1). She confessed to some back pains. 
She had broken the neck of her femur 16 years 
previously in a fall. Menstruation, which had 
been regular until this accident, ceased abruptly. 
No menopausal symptoms ensued. She was 64 
in. (160 cm.) tall, with a femur 18 in. (45 cm.) 
long (anterior inferior iliac spine to knee 
joint). 

X-Rays—There is considerable generalized 
osteoporosis. The old healed fracture at the 
right femoral neck is surrounded by sclerotic 
The ends of both femora are 


bone. lower 
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widened to some extent, and the cortex is 
thinned (Fig. 9). This change is the same in 
kind as, but very different in degree from, that 
of the daughter, S. G.; it is shown by no other 
bone. 

Case 3.—C. M. (brother of S. G.), M. G. H. 
812001, a 36-year-old man, had sustained an 
injury to his pelvis in 1943 (truck accident in 
army). He complained of a feeling of weakness 
off and on in the legs and of a waddling gait, 
said to have come on during the previous year. 
Hip and back movements were full. 

Measurements—Height, 70% in. (176.25 
cm.) ; upper segment, 34 in. (85 cm.) ; femur, 
1834 in. (46.9 cm.); span, 72 in. (180 cm.) ; 
lower segment, 36% in. (91.25 cm.) ; tibia, 17 
in. (42.5 cm.). 

Roentgenograms.— X-rays of skull, pelvis, 
spine, and lower limbs show widespread thin- 
ning of cortical bone. The lower femoral and 
upper tibial shafts are also widened but, as in 
his mother, R. M. (Fig. 9), to a less degree 
than in his sister, S. G. 


CRANIOMETAPHYSEAL DYSPLASIA 


We believe that metaphyseal dys- 
plasia may exist in combination with 


leontiasis ossea and sclerosis of the base 
of the skull. This syndrome is sufficiently 


clear-cut and characteristic to form a 


specific entity—“craniometaphyseal dys- 


Fig. 9—R. M. (Case 2) on left; normal 
male in center; C. M. (Case 3) on right. Same 
exposures. The femoral shaft of the normal 
person is unusually broad; nevertheless, the 
altered shape and porosis of the metaphyses of 
R. M. and C. M. are evident. Note the wide 
tibia in C. M. (largely obscured by fibula). 





METAPHYSEAL DYSPLASIA 
plasia,” if you will. Reports of five cases 
(two of which were brother and sister ) 
are scattered in the literature.t 

Three were described as examples of 
osteopetrosis and two as leontiasis ossea. 
However, all five show  long-bone 
changes which are absolutely characteris- 
tic of metaphyseal dysplasia, with re- 
duced rather than increased density, and 
none has anemia. One of them, J. M., is 
described below. Density outside the 
skull is mentioned in Field’s cases only 
in the midshaft of long bones (as occurs 
in metaphyseal dysplasia ) and was stated 
to be “patchy” in the pelvis.® So far as 
we know, marked overgrowth of facial 


bones (leontiasis ossea) has not been 


reported in a case of typical osteopetrosis, 


and so its occurrence in an “atypical” 
form immediately suggests a separate 
syndrome. Actually, in Field’s siblings 
the skull density is mainly at the base 
and the face is not remarked upon, but 
from the photographs and x-rays, the 
facial bones appear also affected. 

We have seen two examples of meta- 
physeal dysplasia combined with sclerotic 
overgrowth of the bones of the face and 
base of the skull, resembling leontiasis 
ossea. 

Case 4.—R. L., M. G. H. 174848, a 15-year- 
old white boy, has been blind since the age of 
7 months. He had been late in walking and 
talking and had remained mentally retarded. 
The head has grown progressively larger since 
the age of 3 years, with attacks of headache, 
vomiting, and irritability. There has been one 
recent episode of semicoma followed by per- 
sistent leftsided paresis. 

The boy was tall and well nourished, show- 
ing the usual grotesque facial deformity of 
leontiasis ossea (Fig. 10). The cranial vault 
was tall and narrow, the eyes wide apart, the 
nasal bridge broad and flat, the expression 
vacuous. Nasal blockage necessitated a perma- 
nently open mouth, set in prominent overgrown 
forward-jutting jaws. Nystagmus and bilateral 
optic atrophy completed the depressing picture. 


a eR 


t References 4, 6, 7, 13, and 19. 


Fig. 10 (R. L.; Case 4).—Age, 15. Squint, 
hypertelorism, overgrowth of face and jaws. 





M.A. 


Blood count and serum calcium, phosphorus, 


phosphatase, and protein values were normal. 


Examination of other systems was normal. 
Radiological Studies—The skull (Fig. 11) 


shows enormous thickening and density of the 


Fig. 11 (R. L.; Case 4).—Increased density 
and thickening of all bones of skull, with ap- 
parent obliteration of sinuses. 


vault, particularly in the frontal and occipital 
regions, with complete obliteration of the nor- 
between the tables. 


mal differentiation 
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Fig. 12 (R. L.; Case 4).—At age 3. Bones 
of arm, showing typical metaphyseal changes. 


general shape suggests turricephaly ; in regard 
to this there is considerable doubt as to the 
patency of the sutures. Where the bone is less 
dense, in the parietal region, the convolutional 
markings are accentuated. 

All the bones of the base of the skull, the 
face, and the mandible appear uniformly large, 
thick, dense, and structureless. Air sinuses are 
obliterated. 

(Figs. 12 show 


Long bones and 13) all 


widening at the ends of the shafts, with thin- 


Fig. 13 (R. L.; Case 4).—At age 15. Lower 
ends of femora, showing metaphyseal thinning 
and “Erlenmeyer flask” expansion (cf. S. G.). 
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Fig. 14 (R. L.; Case 4).—At age 15. Wrists 
and hands typical of metaphyseal dysplasia 
(ct. S.G., Fig. 7). 


ning of the cortex to the merest shell. The 


medullary bone is porotic and has lost the usual 
trabecular pattern. At the lower end of the 
femur there are fine longitudinal striations (in 
contrast to the coarser striations of osteo- 
petrosis, as shown in Fig. 19). 
Hands (Fig. 14) show the 
flask appearance at the epiphyseal ends of the 


metacarpals and phalanges. 


Erlenmeyer- 


Fig. 15 (J. M.; Case 5).—Age 30. Face, 
jaws, open mouth very similar to R. L. (Fig. 


10 


Fig. 16 (J. M.; Case 5).—At age 7. Typical 
appearance of femur in metaphyseal dysplasia. 

Pelvis, spine, and ribs are probably normal 

Clavicle was not well seen. 

Bone age is within normal limits. 

CasE 5.—J. M., M. G. H. 428096, an Ameri 
can man of Greek origin, is 30 years old. En- 


Fig. 17 (J. M.; Case 5).—Age 30. Increased 
density and widening of all bones of skull. 
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these two conditions. 


same club-shaped metaphyses. In osteo- 
petrosis the fundamental abnormality, it 


would seem to us, is inability to resor| 


bone when once laid down; after all, if 
bone cannot be resorbed it cannot be re- 
On the other hand, in meta- 


modeled. 
physeal dysplasia the skeleton as a whole 
responds at least in some degree to the 


normal stresses and strains at work, and 


Classic OSTEOPETROSIS --» 


Osteopetrosis, cases 
showing much bone of 
normal density, but 
abnormal.shape and 
texture 


30th exhibit the 
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in common with osteopetrosis or meta- 
physeal dysplasia, which may represent 
subvarieties of the one or the cther or 
» may be connecting links (Fig. 20). 

There are milder varieties of osteo- 
petrosis in which the increased density 
is not generalized. In the metaphyseal 
* areas, for instance, the dense bone may 


be confined to one or more bands which 
may alternate with bone of less density.$ 


?cases with increased 
density, but normal 


shape 


Intermediate case of Fairbank ° 


| 


CRANIOMETA PHYSEAL 


(with sclerosis of base of 
skull and leontiasis ossea) 


LEONTIASIS OSSEA 
of unknown etiology ae 


oa 
7 
- 
a“ 
s 


a 
Leontiasis ossea due 
to polyostotic fibrous 
dysplasia 


. 
Aon gets . 

?Metaphyseal dysplasia with absent 
paranasal sinuses 


Very mild cases(e.-., Case 2, 
Case 3, and Case 600 of 
Ingallis+‘ 


sadations of normal 


? generalized osteoporosis 


Fig. 20.—Relationships of metaphyseal dysplasia, with connecting links. 


only the cortical bone fails to be remod- 
eled. In other words the defect in osteo- 
petrosis is part of a fundamental defect 
throughout the skeleton, whereas the de- 
fect in metaphyseal dysplasia is a local 
one. However, that this is not the whole 
story is shown by the demineralization 
and by the thinness of the cortices in gen- 
eral in metaphyseal dysplasia. Whatever 
the pathogenesis, the end-results of the 
two conditions are in some respects com- 
parable. Furthermore, there are a num- 
ber of syndromes, having certain features 
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In other cases increased density in some 
bones may be partially or totally lacking. || 
It is of interest that in those cases in 
which increased density is not general- 
ized the bones nevertheless show lack of 
remodeling, abnormal trabecular pattern, 
and loss of corticomedullary differentia- 
tion.{ These abnormalities are reminis- 
cent of those seen in metaphyseal dys- 
plasia. 


? 


§ References 5 and 


|| References 2 and 5. 
Cc 


References 2 and 5. 
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To these connecting bridges between 
metaphyseal dysplasia and osteopetrosis 
should be added another case, described 
by Fairbanks.® This was a boy of 5 years 
with sclerosis of the base of the skull, the 
maxilla, and probably the mandible. The 
femur is dense at its upper end by x-ray, 
but the bone at the lower end is poorly 
calcified and flask-shaped, with distinct 
longitudinal striations. The spine shows 
changes typical of osteopetrosis. There 
is no anemia. 


Fig. 21.—Gaucher’s disease. Femora in adult 
man. Erlenmeyer-flask type of metaphyseal 
expansion, with thin cortices and irregular 
pattern. 

- The sclerotic 


overgrowth of facial bones called leon- 


Leontiasis Ossea. - 
tiasis ossea may be due to Paget’s dis- 
ease, fibrous dysplasia, or other rarer 
conditions. Now, apparently, some of 
the cases of leontiasis arising in child- 
hood (the common age of appearance ) 
are combined with metaphyseal dys- 
plasia. Perhaps many of the “idiopathic’’ 
group are really examples of “cranio- 
metaphyseal dysplasia.” This can be de- 
termined only if the long bones are 
x-rayed in all cases of leontiasis. 


Generalized Osteoporosis.—General- 
ized osteoporosis appears to accompany 
the metaphyseal Gysplasia in the fir 
family. The hip fracture in R. M. at the 
early age of 37 suggests that porosis was 
already present at that time. Such osteo- 
porosis is extremely uncommon in young 
people with normal sex hormones. What 
relationship it bears to the dysplasia is 
obscure, but in this family at least it 
seems to be an integral part of a com- 
posite syndrome. 

Marrow Replacement or Hyperplasia. 
—Gaucher’s Zr) -and 
Cooley's anemia produce a similar ap- 


disease (Fig. 


pearance of the long bones, with swelling 


of the distal ends of the shafts, but they 
are distinguished by nonosseous features. 
Vitamin A Deficiency (Experimen- 
tal).—Mellanby ** showed that in vita- 
min-A-deficient dogs many bones lost 
their normally fine outline, becoming 
thickened and enlarged. This overgrowth 
was most marked in the skull and verte- 
brae, leading to nerve compression, but 
it also occurred in the long bones. His- 
tologically, the femur showed increased 
diameter, reduced marrow cavity, more 
cancellous bone, less compact bone, and 
increase in osteoblasts and osteoclasts. 
Wolbach,*!_ while confirming these 
findings, pointed out that the long bones 
become shorter than normal, while a re- 
tardation of remodeling accounts for 
their thickness. Although some of these 
cranial and long bone features are remi- 
niscent of craniometaphyseal dysplasia, 
we have no evidence whatever that there 
is any casual connectino. 
Genetic Considerations. — Osteope- 
trosis appears to be inherited in two 
ways.’®> When inherited as an autosomal 
dominant, the condition is passed on 
from parent to child; when as an autoso- 
mal recessive, the parents of affected 
siblings are normal but there is a high 
among 
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them. Nussey ** claimed that the severe 
disease was recessive, the milder domi- 
nant, but this does not seem invariably 
to follow. Perhaps osteopetrosis is one 
of those diseases in which there is less 
distinction between dominance and re- 
cessiveness than we usually imagine. 

has 


Craniometaphyseal dysplasia 


been described in two siblings, the par- 
ents being normal and second cousins.® 
Both sexes may be affected. Autosomal 
recessive inheritance looks very probable. 

Metaphyseal dysplasia was present 
in the siblings of the patient of Bakwin 


a 
, 








KEY 


@ -Typically offected female 
0 - Unoffected male 
-Mildly affected male 
? - Unknown 
R.M- Case in text 
)j- Indicate gui 





ous marriage 


Fig. 22.—Family tree of S. G. Familial meta- 
physeal dysplasia with osteoporosis. R. M.., 
C. M., and S. G. are discussed in the text. 


and Krida,' one of whom was an albino. 
Unfortunately, no mention of consan- 
guinity was made. In our family S. G. 
(Case 1) shows all the features typical 
of familial metaphyseal dysplasia. The 


#S. G.’s baby was born on Oct. 20, 1953. 
Complete x-rays of baby taken on March 11, 
1954, showed no abnormalities. 

X-rays of S. G. taken after baby was born 
showed definite extension of the osteoporosis 
of the spine. This is in keeping with idiopathic 
osteoporosis, in which pregnancy regularly 
causes a worsening. The low level of serum 
albumin during pregnancy may be the de- 
termining factor. 
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increased bone width and the thin cortex 
at the lower end of the femora in her 
mother (R. M.) her 
(C. M.) indicate that we are dealing 
with the same condition in these rela- 
tives, albeit to a very mild degree.# 


and brother 


Three of the four sons of C. M. were 
x-rayed and found normal. The parents 
of the proband, S. G., were first cousins. 
This hint of recessiveness is rendered 
dubious by the fact that the mother her- 
self showed the same trait. The family 
tree is shown in Figure 22. 


SUMMARY 


The remodeling of the normal me- 
taphyses of long bones is first considered. 
A specific defect in this remodeling proc- 
ess appears to give rise to the condi- 
tion known as “familial metaphyseal dys- 
plasia,” in which the metaphyseal regions 
of the tubular bones are expanded and 
porotic, with a thin cortex. Previous 
reports of this state are reviewed, and a 
case of our own is described. This pa- 
tient’s mother and brother were 
affected. In this family generalized os- 
teoporosis accompanied the metaphyseal 
disturbance. Biopsy of the tibia showed 
thinner bone than normal but no micro- 
scopical abnormality of structure. 


also 


The syndrome of “craniometaphyseal 
dysplasia” is then described, in which 
the typical tubular bone changes of meta- 
physeal dysplasia are seen combined with 
severe sclerosis and overgrowth of all 
the bones of the skull (leontiasis ossea). 
Five cases of this remarkable condition 
have been found in the literature, one of 
which, together with a new one, is de- 
scribed in this paper. We consider this 
syndrome to be quite distinct from os- 
teopetrosis. 

Osteopetrosis, which is briefly de- 
scribed as a better-known example of 
defective metaphyseal bone remodeling, 
is illustrated by a typical, severe case. 





METAPHYSICAL DYSPLASIA 


It is compared and contrasted with the 
other syndromes under discussion, with 
emphasis on the milder and atypical 
cases. Solely on a clinical basis, there 
seems to be a series of connecting links 


between metaphyseal dysplasia, leontiasis 


ossea, and osteopetrosis. 

Vitamin A deficiency is mentioned 
as an experimental cause of lack of re- 
modeling, but it plays no known part in 
the clinical syndromes under discussion. 

Finally, the genetics of these syn- 
dromes are considered. 


ADDENDUM 


Hermel and co-workers * have re- 
cently described another brother and 
sister who suffered from familial meta- 
physeal dysplasia. Their parents were 
normal. In the skull of their first case 
(aged 33) the paranasal sinuses were not 
pneumatized. We wonder whether this 
might represent a link between familial 
metaphyseal dysplasia and craniometa- 
physeal dysplasia. 

EK. B. D. Neuhauser has published 
roentgenograms of the femora and skull 
from another case of craniometaphyseal 
dysplasia, under the name of “Pyle’s 
Caldwell 1952: 
Growth, Differentiation, and Disease, 
(dm. J. Roentgenol. 69: 723 [May] 


1953, Figs. 14 and 15). 


disease,” Lecture, 
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METAPHYSEAL DYSPLASIA, EPIPHYSEAL DYSPLASIA, DIAPHYSEAL 
DYSPLASIA, AND RELATED CONDITIONS 
Il. Multiple Epiphyseal Dysplasia; Its Relation to Other Disorders of Epiphyseal Development 
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FULLER ALBRIGHT, M.D. 
BOSTON 


A, ULTIPLE epiphyseal dysplasia, 
M described by Barrington-Ward in 
1912,, has achieved recognition as a 
clear-cut clinical entity through the work 
of Fairbank.* It may masquerade under 
the title multiple osteochondritis, bilateral 
Legg-Perthes disease, Morquio’s disease, 
stippled epiphyses, Kaufman’s hyperplas- 
tic chondrodystrophy, or even cretinism. 
Karlier reports are reviewed (in Ger- 


man) by Jansen * and Ribbing."* 


The disorder consists essentially of 
irregularity in form and structure of the 
developing epiphyses, which usually ap- 
Multiple 
centers of ossification may develop at 


pear two to three years late. 


different times in the same epiphysis, but 
the extreme stippling of punctate ep- 
iphyseal dysplasia * does not occur. The 
affection is bilateral and nearly sym- 
It progresses toward consoli- 

that 
grams demonstrate improvement. with 


metrical. 


dation, so successive roentgeno- 


age. [piphyseal union is generally little 
delayed. After puberty some abnormal- 


mmm 


* References 4-7. 


ity of epiphyseal shape or joint angula- 
tion may bear witness to the previous 
cartilaginous dysplasia. The bone in 
adult life is well ossified and of good 
structure. The epiphyses are affected at 


the hips, shoulders, knees, elbows, wrists, 


and ankles. Carpal and tarsal bones, 
metacarpal and metatarsal heads, phalan- 
geal epiphyses, and the patella may be 
irregular and stunted. The spine is fre- 
quently normal, but the bodies may be 
reduced in height and the epiphyseal 
plates may be irregular.7 

Clinically, there may be difficulty in 
with structural deformity such 
The 
hgnds are typically short and stubby. 


walking 


Ss? 


as coxa vara and genu valgum. 


with narrow, squat nails. On the whole 
these patients are remarkably symptom- 
free. They do not become weak and de- 
formed as do sufferers from Morquio’s 
disease, since their physique is good and 
their backs are straight; they are not 
dwarfed like the achondroplastics, al- 
though they remain well below average 


+ References 7 and 13. 


From the Department of Medicine of the Harvard Medical School and the Medical Service 
and the Department of Radiology of the Massachusetts General Hospital. 

Eli Lilly Research Fellow, 1953; lately Assistant in Medicine at the Massachusetts General 
Hospital and the Harvard Medical School; present address, Department of Medicine, Univer- 


sity of Cape Town (Dr. Jackson). 
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Fig. 1 (Case P. D.).—Age 22. Patient is 
well muscled and proportioned but short in 
stature—58 in. (145 cm.). 


height; they are not slow and mentally 
defective like the cretins ; their joints are 
not ankylosed, as are those of gargoyles ; 


they do not die young, as do most chil- 
dren with stippled epiphyses ; their joints 
are neither painful nor limited in move- 
ment, as are those affected by osteochon- 
dritis juvenilis. 

Pathologically this dysplasia is a 
chondrodystrophy, affecting only car- 
tilaginous epiphyses. Fairbank * remarks 


Fig. 2 (Case P. D.).—A, age 15. Antero- 
posterior views of both knees, showing multi- 
ple irregular ossification centers and _ bilateral 
genu valgum deformity. B, age 15. This 
oblique view of the right knee shows the epi- 
physeal changes to better advantage. C, age 22. 
Anteroposterior views of both knees. The 
epiphyses are consolidated and united to the 
shafts. A corrective osteotomy of the right 
distal femur has been performed. The articular 
surfaces are slightly irregular. 





A, ARCHIVES OF 


Fig. 3 (Case P. D.).—4a, age 15. Antero- 


posterior views of both hips, showing delayed 
irregular and spotty ossification of the capital 
femoral epiphyses. The metaphyses are also 
irregular. B, age 22. Anteroposterior views of 
hips, showing consolidation and fusion of capi- 
tal epiphyses. The femoral heads are small 
and considerably deformed; the femoral necks 
are broad. The iliac crests are asymmetrical. 


Fig. 4 (Case P. D.).—Age 15. Anteropos- 
terior views of hands and wrists. The first 
metacarpals are short and broad; all the dis- 
tal phalanges are unusually short. The distal 
radial and ulnar epiphyses on the left are ir- 
regular (arrow), as are the carpal centers bi- 
laterally. Bone age is only slightly delayed. 


INTERNAL MEDICINE 


Fig. 5 (Case P. D.).—Age 15. A, lateral 
view of the thoracic spine. Flattening of verte- 
bral bodies in middle and upper thoracic region. 
T6 is irregular and shows anterior wedging. 
B, enlarged area 


wafer-like (arrow). 


Lateral view of upper thoracic spine 


T3 is 
of <¥ f. 
showing marked flattening of T3 (arrow). 





EPIPHYSEAL DYSPLASIA 
upon “cartilage irregularly placed, defi- 
nitely hyaline and perhaps softer and 
more mucinous than normal” in the only 
known biopsy of an affected epiphysis. 
The recognition of ths disorder is 
important, since it should not be treated 
by rest or endocrine preparations. The 
prognosis can be exact—after puberty 
there will be nothing worse than residual 
deformity in well-calcified bone, which 
may necessitate an osteotomy. The adult 
subject will be around 5 ft. (150 em.) 
tall. 


Fig. 6—D. O. (Case 2) on left, and his family ; 


well formed and mobile. The range of move- 
ment is entirely free at all joints except the 
hips, where there is some limitation in all 
directions, especially on the right side. The 
fingers are a little stubby; the nails are fore- 
shortened, and the gre&t toes are small. 

In previous years several blood cell counts 
and laboratory tests were normal. These in- 
cluded determinations of serum calcium, phos- 
phorus, phosphatase, sugar, protein, NPN, pro- 
thrombin, CO. and chloride, and of urinary 
follicle-stimulating-hormone and 17-ketosteroids. 

Measurements.—Height, 58 in. (145 cm.); 
span, 53 in. (132.5 cm.) ; lower segment, 27 in. 
(67.5 cm.) ; upper segment, 31 in. (77.5 cm.) ; 


in order are C. O., A. O., B. S., and a normal 


subject, height 70 in. (175 cm.). Note good general development. Genu valgum in D. O., C. O., 


and A. O. 


REPORT OF CASES 
P. D., M. G. H. 488342, a white 
22, be- 


lieves that he has always been small for his 


CAsE 1. 
American dance-band performer, age 


age and stopped growing when 14 to 15 years 
old. He complained of increasing knock-knee 
since the age of 8, for which a successful os- 
teotomy was performed in 1945. Testosterone 
and thyroid had no effect on his growth curve 
nor on the epiphyses. He denies experiencing 
any pain in his joints and has always been 
strong. His family, including two siblings, is 
entirely unaffected. 

He is a well-built muscular short-limbed 


perky lad (Fig. 1). His neck and spine are 


humerus, 9 in. (22.5 cm.); ulna, 9% in. 


23.75 cm.) ; femur, 15 in. (37.5 cm.) ; tibia, 


2% in 30.6 cm.); head circumference, 
1 5 


2 
5 
~ 
/ 


] ( 
21% in. (53.75 cm.). 

Roentgenograms.—At the age of 15, films 
of the hips, knees, ankles, elbows, and wrists 
showed bilateral, nearly symmetrical involve- 
ment of the epiphyses, which were abnormally 
shaped and irregularly ossified from multiple 
This the 


fragmentation (Figs. 2 and 3). 


centers. produced appearance of 

The bone of 
the metaphyses immediately adjacent to the 
epiphyses was also irregular in form, but oth- 
erwise the shafts appeared well-shaped and 


well-ossified. The first metacarpals were short 
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Fig. 7 (Case D. O.).—A, age 9. Antero- 
posterior views of hips, showing each capital 
femoral epiphysis ossifying from one large 
flattened center and several] sma!! ossific cen- 


ters superiorly. An accessory center of ossifi- 


cation is present at the superior aspect of each 
greater trochanter. The necks are broad. 
B, age 11. Lateral view of right hip, showing 
irregular ossification of capital epiphysis su- 
periorly. 


Fig. 8 (Case D. O.).—A, age 9. Antero- 
posterior views of knees, showing single 
large ossification centers of irregular contour, 
with several tiny separate ossified areas in the 
epiphyseal cartilages. Note the delayed ossifica- 
tion of the lateral aspects of both distal femo- 
ral epiphyses (arrow). Bilateral genu valgum 
is of mild degree. B, age 14. Anteroposterior 
views of knees. Genu valgum is considerably 
more marked. Ossification has occurred in the 
lateral aspects of distal femoral epiphyses. 
However, these portions are thinner than the 
remainders. Note the small separate centers 
adjoining these areas (arrow). The defective 
ossification of these epiphyses appears to be the 
prime factor in the progressive knock-knee de- 
formity. C, age 15. Anteroposterior views of 
knees, showing further osseous maturation 
with consolidation of the separate centers of 
the distal femoral epiphyses. These epiphyseal 
margins remain irregular laterally. 
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Fig. 9 (Case D. O.).—Age 12. Lateral 
view of thoracic spine, showing defective ossi- 
fication of anterior portions of vertebral bodies, 
which are wedge-shaped. 


and stumpy, and all the terminal phalanges 
were short (Fig. 4). The vertebral 
were flattened in the midthoracic region, T-6 
anteriorly, 


bodies 
being irregular and compressed 
T-3 being grossly flattened and compressed 
(Fig. 5). 

Films taken at the age of 22 (Figs. 2C and 
3B) show good consolidation of the epiphyses 


Zone age was normal. 


and union with the shafts, but the abnormal 
shapes remain. The epiphyses of the hips are 
small, flattened, fluffy, irregular, and oddly 
shaped, with coxa vara and short femoral 
necks. 

Case 2.—D. O., M. G. H. 595068, a white 
American boy of 15 (Fig. 6), was seen at the 
age of 9, complaining of pain in both knees 
and a slight limp which had developed during 
the previous year or two. Genu valgum has 
been the only abnormality discovered on ex- 


He has always been reasonably 


amination. 
strong, well under average height, but well 
proportioned. Head, neck, fingers, and spine 
appear normal, and movement is free in all 


joints. (Double Gsteotomy has just been per- 
formed by Dr. George van Gorder for relief 
of the genu valgum.) 

Blood cell counts and serum Ca, P, phos- 
phatase, and proteins were normal. 
(148 
cm.) ; span, 62% in. (156.25 cm.) ; lower seg- 
(78.75 cm.) ; 


Mecasurements.—Height, 59% in. 
ment, 31% in. segment, 
28 in. (70 cm.). 

X-Ray Studies.—Roentgenograms of the 
long bones show the epiphyses ossifying irreg- 


upper 


ularly from a single large center and multiple 
smaller ones. The changes are less marked 
than in P. D. (Case 1). 
flat; the well 
cupped, and there is coxa thick 
The greater trochanters show 


The capital femoral 
epiphyses are acetabula are 
vara, with 
femoral necks. 
single extra 

(Fig. 7). A series of films of the knee joints 
show the late appearance of the external por 


ossification centers superiorly 


tions of the lower femoral epiphyses and their 
eventual consolidation in a remarkably sym- 
metrical manner (Fig. 8). Their lateral por- 
tions, however, remain smaller than the medial 
ones and help to explain the genu valgum. 

The vertebral bodies are slightly narrowed 
anteriorly in the thoracic region, possibly ow- 
ing to lack of development of the anterior 
(Fig. 9). 
The hands in successive examinations show a 


portions of the epiphyseal plates 
bone age three to four years behind the chron- 


Fig. 10 (Case D. O.).—Age 11. Antero- 
posterior views of hands and wrists. The hands 
are well formed except for relatively short 
thumbs. A number of the carpal centers are 
irregular, and the ulnar epiphyses are ossifying 
irregularly from several centers (arrow). 
Bone age is about normal. 





M. 


ological age, and the distal ulnar epiphyses 
were rudimentary and fragmented at the age 
of 12 (Fig. 10). The phalanges are virtually 
normal, except for some relative shortening 
of the thumbs. 

Case 3.—C. O., M. G. H. 607809 (Fig. 6), 
brother of D. O. (Case 2), age 28, had a limp 
and knock-knee which had increased since the 
age of 2. The angulation was greater on the 
left, and a successful osteotomy was performed 
on this knee at the age of 13. He was always 
strong, athletic, and a keen horserider. 

He is now a well-developed alert short 
man with full joint function. There is a slight 
mobile scoliosis to the left in the lumbar re- 
gion. Fingers are normal, and there is no 
laxity of ligaments. 

Serum calcium and phosphorus were nor- 
mal (1935). 
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sified and united. The bone pattern is coarse, 
and some angulation remains (Fig. 12). There 
is secondary osteoporosis of the bones around 
the left knee, probably the result of faulty 
alignment. 

Case 4.—B. S., housewife aged 32 (Fig. 6), 
sister of D. O. (Case 2), has always been 
healthy and has had no trouble with legs or 
spine. Her back is straight, but forward bend- 
ing is restricted. Movement at the hips is full, 
except for abduction in flection, and the knees 
are straight. She has one child, an unaffected 
girl aged 6. 

Mecasurements.—Height, 59 in. (147.5 
cm.) ; span, 59 in. (147.5 cm.) ; upper segment, 
27 wm. (675 segment, 32 in. 
(80 cm.). 

Roentgenograms.—Lateral view of the tho- 
racic spine shows no abnormality except that 


cm.); lower 


Fig. 11 (Case C. O.).—Age 28. Antero-posterior views of hips, showing ununited ossification 
centers on the right, flattening of the femoral heads, and bilateral coxa vara. Secondary traumatic 
arthritic change on right, with sclerosis of cortical margin of femoral head and spurring laterally. 


Measurements —Height, 63 in. (157.5 


cm.) ; upper segment, 31 in. (77.5 cm.) ; lower 
segment, 32 in. (80 cm.); humerus, 11% in. 
(28 cm.) ; ulna, 10 in. (25 cm.). 

Roentgenograms.—In 1935, at the age of 9, 
the x-ray report reads as follows: “changes 
in articular surfaces of knees, hips, elbows, 
shoulders, hands, wrists, and vertebrae con- 
sistent with familial chondro-dystrophy.” This 
is the only report now available; the films are 
not available. 

Present roentgenograms (1953) show nor- 
mal spine and shoulders. The upper femoral 
epiphyses are flat, and there is bilateral coxa 
vara. The epiphysis on the right has remained 
fragmented (Fig. 11). The acetabula are well 
formed and conform in shape to the femoral 
heads. At the knees the epiphyses are well os- 
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the patient appears to be of small stature. The 
knees are normal. 

Anteroposterior view of the pelvis and hips 
(Fig. 134) shows a moderate bilateral coxa 
vara. There is a very slight irregularity of 
both femoral heads. However, the joints are 
otherwise not unusual. There are a number of 
peculiar small radiolucencies within the pubis 
both on the right and left at the level of the 
symphysis. The exact nature of these areas is 
unknown. 

Case.5.—A. O., age 55, mother of D.O., 
C. O., and B. S., has been knock-kneed since 
childhood (Fig. 6) and has always had difficulty 
climbing stairs. She appears to be a healthy 
little woman, with straight and mobile back. 
Abduction at both hips is considerably re- 
duced, and genu valgum is produced by angu- 
lation at the right knee. 
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Fig. 12 (Case C. O.).—Age 28. Antero- 
posterior views of knees. The right knee is 
normal. Genu valgum on left, with coarsened 
trabecular pattern which may represent osteo- 
porosis due to relative disuse because of faulty 
alignment. 


Measurements—Height, 56 in. (140 cm.) ; 
span, 55 in. (137.5 cm.) ; upper segment, 29 in. 
(77.5 cm.) ; lower segment, 27 in. (67.5 cm.). 


Roentgenograms.—A lateral view of the 
thoracic and upper lumbar spine is normal ex- 
cept that it shows the patient to be of small 


Stature. 


-A, Case B. S. Age 32. (Sister of 
D. O.) Anteroposterior view of both hips 
shows moderate bilateral coxa vara. Several 
small radiolucent areas are present within the 
pubes at the symphysis, of unknown etiology. 
B, Case A. O. Age 55. (Mother of D. O., 
C. O., and B. S.) Anteroposterior view of 
both hips shows bilateral coxa vara and secon- 
dary degenerative arthritis on the left. 


Fig. 13. 


Anteroposterior views of the knees includ- 


ing the upper tibiae and lower femora show 


a mild genu valgum deformity. There is a 
minimal hypertrophic change, with some lip- 
ping along the joint margins laterally. Joint 
surfaces, however, are generally smooth, and 
joint spacing is intact. 

A single anteroposterior view of the pelvis 
(Fig. 13B) including both hips shows bilat- 
eral coxa vara, with the femoral necks and 
shafts forming an angle of about 90 degrees. 
On the left there is fairly marked degenerative 
arthritis, with roughening of the articular cor- 
tices, hypertrophic lipping, and cystic degen- 
within both the and the 


eration acetabula 


Age 23. Lateral 
The body of T6 
markedly com- 
T7 and T8 are 


Fig. 14 (Case R. W.)-- 
view of upper thoracic spine. 
is defective anteriorly and 
pressed posteriorly (arrow). 
flattened. 


femoral head. There is no significant arthritic 
change on the right. A number of small radi- 
olucent zones are observed in the inferior left 
pubic ramus, of unknown origin. 

Case 6.—R. W., M. G. H. 218297. The 
last record of this boy is dated 1926, when he 
was 10 years old. He was an adopted white 
Canadian child, the family history unknown 
He had always avoided climbing stairs, and 
when he was 8 years old he noticed some pain 
in the right knee and started to limp. He grew 
more slowly than normal. 
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Fig. 15 (Case R. W.).—Age 23. Anteropos- 
terior view of hip. The capital epiphysis is flat- 
tened, and its superior portion has remained 
fragmented; the femoral neck is short. 


Examination when he was 10 years old re- 
vealed a short stocky well-nourished boy with 
normal neck and thorax, except for a dorsolum- 
bar scoliosis to the right. The fingers were 
rather short, and the nails were very small, 
with short terminal phalanges. All joint move- 
ments were full. There was no deformity, but 
there was some wasting of the right buttock, 
thigh, and calf, and the whole limb was also 
shorter on that side. 

Measurements.—Ant. inf. spine to int. mal- 
leolus: right, 57 cm.; left, 59 cm. Ant. inf. 
spine to tibial tubercle: right, 33 cm.; left, 
34 cm. Tibial tubercle to int. malleolus: right, 
24 cm.; left, 25 cm. 

X-Ray Report—In 1926 (by Dr. 
W. Holmes) : “Examination includes plates of 


George 
all bones of the body. In general they show 
a widespread disturbance in growth of the 
epiphyses; otherwise the bones appear normal. 
There is no bowing, no bone atrophy. There 
is some delay in the appearance of the ossifi- 
cation centers. The abnormality of the epiphy- 
ses is general but is much more marked in 
disturbance in the 


than others. The 


epiphyses is characterized by delayed develop- 


some 


ment, slow or delayed growth, mushrooming of 
the weight-bearing epiphyses, and increased 
density of the bone, particularly along the epi- 
physeal margins. In some areas, particularly 


the spine and pelvis, this has resulted in 
absence of parts of the bone. The structure of 
the bones in some areas is rather coarse. There 
are no changes in the soft tissues. Nothing un- 
usual in appearance of the chest or abdomen. 
Size and shape of the sella turcica is within 


normal limits.” 
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In 1939 (at age 23) a lateral x-ray of the 
dorsal spine (Fig. 14) shows only a posterior 
remnant of the seventh vertebral body, while 
the sixth and eighth are grossly narrowed and 
depressed. The head of the right femur is flat- 
tened. “shere is fragmentation of the superior 
portion of the epiphysis (Fig. 15), while the 
head on the left appears well-formed, well- 
ossified, and well-united now. Both femoral 
necks are short and thick. 


COMMENT 
These patients exemplify the con- 
stancy and also the variety within the 


syndrome of multiple epiphyseal dys- 


plasia. Apart from the frequency of 
knock-knee, the absence of disability is 
striking and there is good general devel- 
opment at the 5 ft. (152 cm.) mark. The 
virtual lack of involvement of the shafts 
of the bones, the epiphyses of which are 
affected, differs from the state of affairs 
in the chondrodystrophies, such as 
achondroplasia, Morquio’s disease, gar- 
goylism, and the multiple chondroma- 
toses. 

The gross localized spinal deformi- 
ties in both R. W. and P. D. are hitherto 
unreported this 
Though these changes resemble 


observations in syn- 


drome. 


_Fig. 16—Family tree of D. O.; multipk 
epiphyseal dysplasia. Indicating dominant in- 
heritance in epiphyseal dysplasia. 
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kyphosis dorsalis juvenilis, our  pa- 
tients otherwise present the characteris- 
tic features of multiple epiphyseal dys- 
plasia. A second previously unrecorded 
observation is the continued nonunion 
of fragments of upper femoral epiphyses, 
as occurred in C. O., age 26, and R. W., 
age 23. This lack of bony consolidation 
did not produce any serious loss of func- 
tion of the joints. The malalignment has 
caused some secondary traumatic ar- 
thritic change, however, which may be 
expected to progress with time, as has 
happened in the hip of A. O. (Fig. 138). 

The small stature in this condition 
is partly the short-limb type and partly 
the small-trunk type, as is plain from the 
segmental measurements and the verte- 
bral and trunk x-ray films. This again 
emphasizes the general nature of the 
epiphyseal disturbance, as even when the 
adult spine x-ray looks normal in all 
other respects it is nonetheless unusually 
short. 

GENETICS 

That there are several members af- 
fected of both sexes (Cases 2, 3, 4, and 
5) in different generations of one family 
without any intermarriage indicates sim- 
ple dominant genetic inheritance, with 
high penetrance (Fig. 16). That means 
that 50% of children of an aftected par- 
ent will themselves be affected. It is 
doubtful whether this law holds in gen- 
eral for the condition, since most report- 
ed cases have been sporadic. When sev- 
eral cases have occurred in one family 
they have all been in siblings ™ 


12 


except in 
one instance,’? in which two generations 
were involved. On the other hand, af- 
fected adults may easily be missed, since 
they may present no disability and very 
little evidence of past epiphyseal disor- 
der. When the diagnosis is made in one 
patient, it would seem well to consider 
the stature and 
changes in knees or hips in other mem- 


bers of the family. 


presence of minor 


CAUSES OF EPIPHYSEAL FRAGMENTATION 


Other conditions may produce irreg- 
ular epiphyseal development from multi- 


ple centers. 

1. Juvenile Osteochondritis (Includ- 
ing Legg-Perthes Disease) —The x-ray 
of a single joint at any one time in a case 
of multiple epiphyseal dysplasia may be 
indistinguishable from that of osteochon- 
dritis. However, multiple symmetrical 
juvenile osteochondritis probably does 
not occur—cases so described really be- 
ing examples of multiple epiphyseal dys- 
plasia. Osteochondritis differs from the 
latter condition in being an acquired 
rather than a familial disorder ; it is fre- 
quently painful and may worsen while 
under observation. It usually affects 
only a single epiphysis and does not 
show evidence of an underlying general- 
ized growth disturbance, such as short 
fingers or short stature. Furthermore, 
osteochondritis originates in an initially 
normal epiphysis and follows the fairly 
typical course ¢ of increased epiphyseal 
density, fragmentation and absorption, 
and eventual return to normal bone struc- 
ture with residual deformity. In epiphys- 
eal dysplasia the epiphysis is abnormal 
at the outset and ossifies irregularly from 
multiple centers of normal density which 
eventually consolidate. 

2. Cretinism (Fig. 17A), Juvenile 
Myxedema.§—Sufferers from hypothy- 


<< cceeaant 

£ Brailsford,? p. 134. 

§ Whether changes similar to those in ju- 
venile myxedema occur in panhypopituitarism 
is hard to decide. We have seen cases with 
the characteristic bone changes in which the 
diagnosis of panhypopituitarism was not estab- 
lished, and we have seen cases of bona fide 
panhypopituitarism in which the epiphyseal 
changes were those of slipped epiphyses, con- 
genital dislocation, etc., but without epiphyseal 
fragmentation. We have not seen a case of 
with fragmented capital 
femoral epiphyses in which the lesions disap- 


panhypopiuitarism 


peared without thyroid medication. 
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Fig. 17.—A, untreated cretin. Age 30. Height 51 in. (127.5 cm.). Myxedematous facies 
and supraclavicular pads. B, Morquio’s disease. Age 11. Height 38 in. (95 cm.). Typical 
deformed dwarf, with short neck and trunk, pigeon-chest, knock-knee, and knobby joints. Two 
siblings were affected. C, Gargoyle. Age 2. Height 35 in. (87.5 cm.). Ugly face, with large 
cranium, saddle-nose, and coarse frizzy hair. Pot-belly with umbilical and scrotal hernias. D, 
achondroplasia. Age one year. Height 26 in. (65 cm.). Short-limbed infant with flat bridge 
of nose, bulging frontal area, low thoracic kyphos, and umbilical hernia. 
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roidism from an early age may show 
gross irregularity and fragmentation of 
their epiphyses, which are also late in 


360 








appearing. The hip joints are most char- 
acteristically involved (Fig. 184) and 
end up with coxa vara, with flat femoral 
heads and thick short femoral necks. The 


zone of bone immediately adjacent to the 


epiphyseal cartilage may be dense. Frag- 
mentation of the epiphyses of the knee, 
shoulder, pubic ramus, ischial tuberosity, 
and femoral trochanter may occur as 
well. All epiphyses are late in fusing ; 
those of the crests may remain open well 
into adult life. These phenomena are 
accounted for by delayed transformation 
of cartilage into bone, which can be mark- 
edly hastened by thyroid replacement 
therapy. 





The spine may also be involved in 
the epiphyseal dysgenesis. The vertebral 
bodies are unusually small, square, and 
dense, with irregular outlines, but some- 
times one body may be particularly small, 
wedge-shaped, and displaced backward, 
and the whole appearance may mimic 
gargoylism (see below). 

3. Morquio’s Disease (Fig. 17B).— 
In this recessively inherited chondrodys- 
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Fig. 18—A, cretin. Age 18. Anteroposte- 
rior view of left hip, showing marked irregu- 
larity and fragmentation of capital epiphysis. 
B. case of Morquio’s disease. Age 11. Antero- 
posterior view of left hip, showing markedly 
fragmented capital epiphysis and irregular ace- 
tabular margin. C, Age 3. 
Showing small capital femoral epiphysis ossi- 


achondroplasia. 


fying from a single smooth center. The me- 


taphysis is broad. 
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trophy the brunt of the disorder is borne 
by the spine. In mild cases the spine may 
be the only part affected,|| and the diag- 
nosis can be made from a lateral x-ray 
of it. There is thoracic kyphoscoliosis, 
and the vertebral bodies are flat, thin, ir- 
regular, and prolonged anteriorly by a 
central ( Fig. 
194). The disc spaces are large, often 


tongue-like projection 


wider than the bodies themselves. 

The epiphyses of the larger joints 
(in severe cases) are late in appearing, 
irregular, and frequently fragmented. 
Joint spaces are wide. The acetabula are 
typically shallow, wide, and ragged (Fig. 
18B). The metaphyses are flared and 
the bones generally porotic. Joint move- 
ment is usually restricted. The skull is 
usually unaffected, the ribs wide and 
ribbon-like, and the finger bones short, 
stubby, and formed in odd angular 
shapes. 

These changes produce characteristic 
short-necked, round-shouldered, hunch- 
backed, knock-kneed, 
flat-footed dwarfs, waddling like ducks, 


pigec yn-chested, 


with head thrust forward, lower ribs 
flared upward, and hips and knees flexed 
and with hanging arms which are too 
long for their stunted bodies. Joints, in- 
cluding fingers, may be swollen, knobby, 
and flexed ; muscles are poorly developed. 
These latter changes superficially re- 
arthritis, but the 


semble rheumatoid 


whole picture is unmistakable. 

4. Gargoylism (Fig. 17C).—These 
ugly, blind, weak, pasty, hoarse, big- 
eared, bushy-eyebrowed, hyperteloric, 
snub-nosed, open-mouthed, prognathic, 
hairy, claw-fingered, pot-bellied, knock- 
kneed, flat-footed, knobby-jointed, 
dwarfed idiots present an unmistakable 
picture. An macromolecular 


storage substance is concerned with the 


abnormal 


mem 


|| Brailsford,? p. 322. 
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nonosseous features of this fatal recessive 
disease, concerning which the reader is 
referred elsewhere. 
The epiphyses are usually less frag- 
the other conditions 
they are distorted in 


than in 
discussed, but 

shape, askew, and frequently flattened. 
The acetabula, while irregular, are less 
totally disorganized than in Morquio’s 
disease. The joint spaces are not wide, 
and the metaphyses are usually not 
flared. The skull is variably abnormal, 
thickened, acrocephalic, or hydrocephalic. 
The ribs are flared and ribbon-like (car- 
diomegaly may show in the chest film). 


mented 


Age 11. 


Fig. 19—A, Morquio’s disease. 


vertebral bodies. 
Age 2. Lateral view of thoracolumbar spine. 


Age 3. Lateral view of thoracolumbar spine. 


also shows anterior defect (arrow). 


The outer parts of the clavicles may be 
irregular and missing, the whole pelvis 
distorted. The fingers are long, perma- 
nently flexed, pointed talons, and this 
is reflected in their x-rays. 

The vertebral 
rounded, or hexagonal, with irregular 


bodies are short, 
anterior surfaces. From the lower third 
of some of them upward-pointing beak- 
like processes may project. Disc spaces 
are not increased; they may be narrow. 
—E————— 

{ References 8, 10, and 11. 


Lateral view of lumbar spine. 
Defective ossification of L1 anteriorly (arrow). 
Delayed maturation of vertebrae. 
of L1 anteriorly, with inferior beaking and localized thoracolumbar kyphos. C, 
Localized thoracolumbar kyphos. 
The vertebral bodies are otherwise fairly well formed. 


Sharply angular kyphosis may be pro- 
duced by backward dislocation of a 
small wedged-shaped vertebra in the 
lower thoracic region (Fig. 198). 

5. Punctate Epiphyseal Dysplasia. — 
In this type of dwarfism,# the presence 
of premature epiphyseal punctate cal- 
cium deposits is only one feature of a 
bizarre disorder of infancy which fre- 
quently terminates fatally before the first 
year. The abnormal deposition of calcium 
may also occur in the synovia and tra- 
cheal rings. Thickening of the skin, broad 
nose with large nostrils, bilateral con- 
genital cataracts, dull intellect, and weak- 


Grossly irregular 
B, Gargoyle (Hurler’s). 
Defective body 
achondroplasia. 
Body of L1 


The 


epiphyseal centers may become smaller 


ness are present in some Cases. 
and fewer in number or may show a 
tendency to fusion. In epiphyseal dys- 
plasia, on the other hand, the irregular 
ossification of the epiphyses occurs later 
than normal and there are none of the 
associated systemic features. 

6. Achondroplasia ( Fig. 17D) - 
Egyptian 


This 
prototype, this god (e. g., 
Ptah) of all dwarfs, this common, power- 


I 


# References 3 and 5. 
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ful, four-foot tall, circus freak is men- 
tioned merely to be differentiated from 
the other rarer, weaker, and less distin- 
guished midgets. The patient has a large 

short 
lumbar 
and 


cranium, small face, snub-nose, 


limbs, straight back, marked 


lordosis, good joint movement, 
good muscles. The epiphyses are not 
fragmented, nor are they grossly ir- 
regular (Fig. 18C), though they are 
often notched and partially enclosed by 
the flared metaphyses. The humeri and 
femora are very short, thick, and ridged 
by muscular attachments. The bones at 
the base of the skull are prematurely 
fused (as in Crouzon’s syndrome), ac- 
counting for the depressed nasal bridge. 
The 


spine is generally well formed except for 


The nasal sinuses are enormous. 


localized changes ( Fig. 19C) ; the pelvis 
is small; many other bones are oddly 
shaped. 

SUMMARY 

Multiple epiphyseal dysplasia is a 
reasonably clear-cut developmental clin- 
ical entity, characterized by generalized 
symmetrical disorganization of develop- 
ing epiphyses. A single roentgenogram 
of one epiphysis (e. g., hip) may re- 
semble that of cretinism, Morquio’s dis- 
ease, or juvenile osteochondritis (Legg- 
Perthes disease), with which conditions 
this dystrophy has previously been con- 
fused. The clinical state and x-rays of 
the whole skeleton, however, readily 
distinguish epiphyseal dysplasia. 

The course of this disorder is dis- 
tinctive, with a strong tendency toward 
improvement, with consolidation of the 
epiphyses. After puberty the bones are 
well formed and the joints function well, 
although deformities such as angulation 
at the knee joint may persist and osteo- 
arthritic changes may occur secondary to 
faulty mechanics. The patients do not 
grow beyond 5 ft. (150 cm.). 
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Several examples of this syndrome 
are described, including four in one fam- 
ily. If one judges by the European litera- 
ture, two of our cases are unusual in 
having particularly severe localized ver- 
tebral changes, and two show continued 
fragmentation of single femoral epiphy- 
ses in adult life. 

Other conditions which may show 
epiphyseal fragmentation and irregu- 
larity are osteochondritis juvenilis, cre- 
tinism, possibly panhypopituitarism, and 
the osteochondrodystrophies, which in- 
clude achondroplasia, Morquio’s disease, 
and epiphyseal 


gargoylism, punctate 


dysplasia. 
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METAPHYSEAL DYSPLASIA, EPIPHYSEAL DYSPLASIA, DIAPHYSEAL 
DYSPLASIA, AND RELATED CONDITIONS 


Ill. Progressive Diaphyseal Dysplasia 
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CAPE TOWN, UNION OF SOUTH AFRICA 
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ROGRESSIVE diaphyseal dysplasia, 

so-named by Neuhauser, Schwach- 
man, Wittenborg, and Cohen, in 1948,° 
is also known as Engelmann’s disease.* 
Fairbank ® believes that Cockayne * de- 
scribed the first case in 1920 and men- 
tions the other few reports of the syn- 
drome. 

Affected patients are weak and thin 
and are shorter than normal in stature. 
Their muscular development is poor; 
their gait, waddling. Some complain of 
pain in the legs. The diagnosis is made 
in the first decade of life on the basis of 
roentgenographic changes in the long 
bones. In the early stages symmetrical 
fusiform expansion occurs at the mid- 
shafts. Sometimes two separate diaphys- 
eal foci of bone expansion are seen in 
the femora or in the tibiae, with the in- 
tervening shaft less intensely involved 
or almost totally spared. The outlines 
of the abnormal sections are usually 
smooth, but the bone pattern is amor- 
phous in texture and of irregular densi- 
ty, with normal 


consequent loss of 


* References 5 and 11. 
From the Department of Medicine of the Harvard Medical School and the Medical Service 
and the Department of Radiology of the Massachusetts General Hospital. 
Eli Lilly Research Fellow, 1953; lately Assistant in Medicine at the Massachusetts General 
Hospital and Harvard Medical School; present address, Department of Medicine, University of 
Cape Town (Dr. Jackson). 
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trabecular structure and frequent efface- 
ment of cortical and cancellous differen- 
tiation. The new bone is both endosteal 
and periosteal. The skull often shows in- 
creased density and thickening at the 
base or in the vault.¢ The clavicle may 
also be involved. The hands, feet, spine, 
and pelvis are not affected in any of the 
reported cases. The condition is pro- 
gressive for as long as any case has so 
far been followed, with spread of the 
osseous changes proximally and distally 
in each long bone to involve almost all 
of the diaphysis. The epiphyses are uni- 
formly spared. Epiphyseal development 
and bone age remain normal. There are 
no biochemical abnormalities. Although 
the general pattern of involvement is the 
same in all cases, its severity can vary 
between individuals, as is illustrated by 
the two cases herein reported. 

+ Dr. Edward B. Neuhauser has shown us 
an unreported case with involvement of all the 
bones of the body. The enormous thickening of 
the bones of the skull and face has resulted in 
“leontiasis ossea.” Diaphyseal dysplasia is thus 
yet another syndrome which may be associated 
with leontiasis. 





DIAPHYSEAL DYSPLASIA 


Fig. 1 (Case N. P.).—Age 9 years. 


The syndrome is apparently not usu- 
ally hereditary, except for a family with 
four affected siblings, reported by Rib- 
bing.’ The parents of these children 
were normal and were unrelated. The 

Fig. 2 (Case N. P.).—Age 4 years. Antero- 
posterior views of the forearms in 1948, show- 
ing only minimal thickening and increased den- 
sity of the midportions of the shafts of the 
radii and ulnae. 


affected members were atypical in that 
the bony involvement was not entirely 
symmetrical and only a few of the long 
bones were affected. The biopsy showed 
uniformly dense bone production. Nev- 
ertheless, we believe these cases should 


Fig. 3 (Case N. P.).—Age 9 years. Antero 
posterior views of the upper extremities, show- 
ing fairly marked progression of changes in the 
forearms. 


be regarded as a variant of progressive 
diaphyseal dysplasia. 
REPORT OF CASES 


Both cases briefly described below 


were reported in greater detail by Neu- 
After 
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hauser and co-workers in 1948. 
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All long bones show essentially symmetrical 
diaphyseal disease. Changes are moderately 
severe in the forearms (Figs. 2 and 3), where 
there is irregular thickening of the central two- 
thirds of the cortices, with over-all increase in 
bone density. At the same time, the normal 
dense cortical structure is replaced by a more 
cancellous, irregular, lacy type of trabecular 
pattern. Other long bones are similarly affected. 

The pelvis is normal except that the acetab- 
ular fossae are shallow (Fig. 4). There is 
moderate bilateral coxa valga. 

The femoral heads are well developed. The 
cortices of the femora, although for the most 
part thickened in the diseased areas, are 
actually thinner than normal in some places 
(Figs. 5 and 6). In these places the medullary 
cavity is widened. 

There is some peculiar transverse marking 
of the lower portions of the femora, reminis- 


Fig. 5 (Case N. P.).—Age 4 years. Antero- 
posterior view of the femora in 1948, showing 
the lateral bowing distal to the midshaft. There 
is widening of the midshafts as well as in- 
creased density and amorphous type of bone 
texture in this area. 





Fig. 4 (Case N. P.).—Age 9 years. Antero- 
posterior view of the pelvis, hips, and proximal 
femora, showing the bilateral coxa valga and 
the shallow acetabula. (For significance of 
arrow, see Fig. 6.) 


this five-year interval we are able now 
to show the progression of their lesions. 


Case N. P.—M. G. H. 802689, a white 
schoolgirl, aged 914 (Fig. 1), at the age of 
four developed a waddling gait, which has 
remained with her. 

Examination reveals a rather thin girl with 
poor muscular development, postural lordosis, 
and bilateral genu valgum. Her gait is wad- 
dling and painless, with a swinging of the 
buttocks rather than the normal pivoting from 
the hip joints. Joint movements are full except 
for considerable reduction of adduction at both 
hips and inability fully to extend the knees. 

Measurements—Height, 48% in. (121.25 
cm.); span, 48 in. (120 cm.); upper segment, 
24% in. (61.25 cm.); lower segment, 2414 in. 
(61.25 cm.); weight, 46 Ib. (20.1 kg.). 

Roentgenograms.—The clavicles and ribs are 
normal. 

The spine is normal except for accentuation 
of the lumbar lordosis. 
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cent of that seen in polyostotic fibrous dys- 
plasia. 

The hands and feet are not involved, except 
for the second right metacarpal, in which the 
central portion is widened with a thickened, 
blotchy, dense cortex (Fig. 7). 

A comparison with films made five years 
previously shows that progression of the dis- 
order has been much less striking than in 
other cases (e. g., J. B., below). Only in the 
forearms has there been marked increase in 
the width of the shafts. In 1948 the femora 


Fig. 6 (Case N. P.).—Age 9 years. Antero- 
posterior view of the femora in 1953, now 
showing the inward bowing of the distal por- 
tions of the shafts. The midshafts are thickened. 
Bone texture is somewhat mottled, with con- 
version of the normally homogeneously dense 
cortex into a cancellous type of structure. The 
transverse striations of the distal shafts are 
reminiscent of those seen in polyostotic fibrous 
dysplasia. Note the localized zones of widen- 
ing of the medullary canals in the region of the 
nutrient arteries (arrows), which suggest a 
greater rate of bone resorption than of bone 
deposition in these areas. (See also Fig. 4.) 


bowed outward at the lower ends of the shafts 
(Figs. 5 and 6), whereas now they bow inward. 

The skull, which in 1948 showed involve- 
ment only at the base, now shows cortical 


Fig. 7 (Case N. P.).—Age 9 years. Antero- 
posterior view of the hands and wrists, showing 
an alteration of the right second metacarpal 
shaft where some increased density and cortical 
thickening have occurred (arrow). 


thickening and increased density in the frontal 
and parietal bones also (Figs. 8 and 9). 

CasE J. B—M. G. H. 72618, a white boy, 
aged 15. His parents noticed early that he was 
not active. He still tires quickly, plays no 
games, and does not feel strong. He has had 
no pain at all and does well at school. J. B. 
is an only child, and there is no bone disorder 
in other members of the family. 

He is thin and spindly. All his long bones 
are plainly thickened to palpation but are not 
tender. All movements are free except for 
some reduction of adduction of the flexed hip. 
He can set his legs behind his head, but shows 


Fig. 8 (Case N. P.).—Age 4 years. Lateral 
view of the skull in 1948, showing some thick- 
ening and increased density at the base. 
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Fig. 9 (Case N. P.).—Age 9 years. Antero 
posterior and lateral views of the skull, show 
ing, in addition to some further thickening at 
the base, changes now present in the frontal 
and parietal bones. 


no laxity of the ligaments of his fingers or 
knees. His muscles are rather poorly developed, 
and he wears arch for flat feet. 
Puberty is late; a little pubic hair is just 


supports 


appearing. 

Measurements.—Height, 64 in. (160 cm.) ; 
span, 63 in. (157.5 cm.) ; upper segment, 34 in. 
(85 cm.); lower segment, 30 in. (75 cm.); 


weight, 81 Ib. (36.45 kg.). 
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Roentgenographic Findings.—The bony thor- 
ax, spine, and pelvis are not remarkable in 
appearance. The femora (Figs. 10 and 11) show 
a remarkably severe degree of involvement, 
with such increase in the width of the shafts 
that in places they are more than twice as wide 
is the femoral necks. In the affected areas there 
is a marked increase in bone density, with 
rather amorphous texture. The medullary cavi 


ties are only barely distinguishable. Normal 


cortex is nowhere present, and the contours of 
the bones are wavy and irregular owing to 
increase of periosteal new bone, which does not 
appear to be in layers. The inferior portions of 
the femoral necks show some involvement, but 
the greater trochanters and femoral heads are 
spared. The tibiae and fibulae show changes to 
an almost similar degree (Fig. 12). There is 
constriction of the midtibial shaft for a short 
distance. Similar changes are seen in the long 
bones of the upper extremities (Fig. 13). The 
metaphyses and epiphyses are not involved in 
any of these long bones. 

The skull is 
thickening of 


for 


anterior 


normal moderate 


the 


except 


base in the and 


Fig. 10 (Case J. B.).—Age 5 years. Antero- 
posterior views of the femoral shafts, showing 
localized fusiform expansion of the midshafts, 
with increase in bone density and loss of nor- 
mal bone architecture. 
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Fig. 11 (Case J. B.)—Age 15 years. Antero- 
posterior views of the femora, showing pro- 
found alterations, with extension of the process 
proximally and distally to involve almost the 
entire length of the diaphyses. The femora 
resemble cowboys’ chaps. 


middle fossae (Fig. 14). The occiput shows no 
appreciable increase of either density or thick- 
ness. The cranium is well formed, and no ab- 
normal intracranial calcification is apparent. 

Anteroposterior projections of the femora 
made 10 years previously show fusiform en- 
largement of the shafts, with the amorphous 
bone texture localized to the midshaft over a 
relatively short distance (Fig. 10). Consider- 
able progression of these changes, both proxi- 
mally and distally, has occurred since that time 
(Fig. 11). 

COM MENT 


Roentgenography demonstrates that 


two essenital processes are occurring in 
(1) 
endosteal and 


diaphyseal dysplasia, the laying 


down of excessive new 


periosteal bone and (2) the irregular 


conversion of this cortical bone into 


cancellous bone. Sometimes, as in the 


femur of N. P. (Figs. 4 and 6), this 


second resorptive process goes so far 
as actually to thin the cortex. These two 
processes are reminiscent of the changes 
in Paget's disease. 

This conception of the mechanism of 
the disease is confirmed by pathological 
findings. Thus, biopsy specimens ob- 
tained by Neuhauser and his associates 
from all their cases, including J. B. and 
N. P., showed a thickened periosteum, 
with tremendous activity of osteoblasts 
and osteoclasts. In the early stages an 
excessive amount of compact bone was 
produced, with later complete transfor- 
mation of bone into 


compact spongy 


bone. The marrow contained loose fi- 
brous tissue. There was no mosaic pat- 
tern of cement lines, such as is found in 


Paget's disease. 


Fig. 12 (Case J. B.).—Age 15 years. Antero- 
posterior views of the legs, showing similar 
type of involvement. Note the constriction at 
the midtibial shafts. 
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first year of life. It is accompanied by evi- 
dence of inflammation, such as pain and 
fever. It attacks the skeleton asymmetri- 
cally and almost invariably involves the 


mandible and clavicles (Fig. 15), with 


Fig. 14 (Case J. B.).—Age 15 years. Antero- 
posterior and lateral views of the skull, show- 
ing thickening and increased density of the base 
as well as some thickening of the frontal bone. 


Fig. 13 (Case J. B.).—Age 15 years. Antero- 
posterior views of arms and upper forearms. 
Humeral changes are almost identical to those 
seen in the femora. 


DIFFERENTIAL DIAGNOSIS 
(CAUSES OF HYPEROSTOSIS OF THE SHAFT) 


The roentgenographic features of di- 
aphyseal dysplasia are distinctive, and, 
if a skeletal survey is performed, it 
should not be confused with other syn- 
dromes. The appearance of a single ai- 
fected bone bears a greater resemblance 
to chronic sclerosing osteomyelitis than 
to any other single entity. However, in 
osteomyelitis the long bones are not 
symmetrically involved. 


Many other conditions cause thick- 
ening of long bones and might briefly be 
mentioned in the differential diagnosis. 
Infantile cortical hyperostosis of Caffey 
and Silverman * involves infants in their 
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Fig. 15.—Infantile cortical hyperostosis. 
Periosteal new bone formation has occurred 
along the clavicle, forming a lamellated pattern. 


the ribs and long bones not infrequently 
affected. It is self-limited. 

Healing scurvy and rickets will re- 
sult in periosteal new bone formation. 
However, there is no essential change in 
the bone texture and no encroachment 
upon the medullary cavity. 

Hypervitaminosis A will also cause 
periosteal overgrowth,i but other sys- 
temic findings are present and bony 
architecture is not altered. 

Periostitis of congenital syphilis sim- 
ilarly does not affect the trabecular pat- 
tern, causing only accretion of periosteal 
new bone, which is frequently lamellated. 
Chronic sclerosing osteitis of tertiary 
syphilis might cause some confusion if 
there is generalized bone involvement. 

Osteoarthropathy, on either a pul- 
monary or an idiopathic basis, presents 
soft tissue changes as well as periosteal 
new bone formation. Bony overgrowth 
is usually severest in the hands and feet. 

In melorheostosis* there is a series 
of irregular serpiginous densities in the 
bones of a single extremity, sometimes 
looking as if stuck on the surface of the 
cortex, like the dropping of candle wax 
down a candle (Fig. 16). The bony 
overgrowth may interfere with joint or 
nerve function. 

Paget’s disease is somewhat similar 
roentgenographically. However, it is al- 


~ References 2 and 9. 


most entirely confined to adult life, is 
asymmetrical, and can affect any bone 
in the body. When a long bone is in- 
volved, the process usually begins at one 
end of the diaphysis. 

Polyostotic fibrous dysplasia’ can 
also cause thickening and increased den- 
sity of the skull. Thickening of the shafts 
of long bones results from their expan- 
sion by fibrous tissue so that the bones 
are of decreased density. Furthermore, 
the lesions of polyostotic fibrous dyspla- 


sia are seldom symmetrical. 


SUM MARY 
Our description of progressive dia- 
physeal dysplasia is based on reports in 
the literature. We then present a tollow- 
up account of two cases previously de- 
In one patient there has been 


scribed.§ 
comparatively little progression during 


Fig. 16.—Melorheostosis in an adult. Multi- 
focal areas of cortical thickening, which extend 
outward and do not encroach upon the medul- 
lary cavity. 
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the last five years, while the other now 
shows severer bone changes than have 


previously been reported in any case of 


this condition. An attempt is made to 
interpret the pathological features of 
this disorder. The 
changes are distinctive; their differen- 


roentgenographic 


tial diagnosis from certain other causes 
of diaphyseal thickening is briefly dis- 
cussed. 

Dr. E. B. Neuhauser gave permission to re- 


describe Cases N. P. and J. B. and to reproduce 
the 1948 films of N. P 
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A REASONABLY safe and effective surgical procedures for correction of 
aortic stenosis are being developed,* diagnostic and prognostic criteria must 
be redefined. The clinician must be able to arrive at an anatomical and functional 
diagnosis of the type and degree of valvular defect, and, faced with a patient at a 
particular stage of his disease, he must try to give a medical prognosis in order 
that this may be weighed against the operative risk and postoperative prognosis. 
The present study was undertaken in order to determine to what extent the degree 
of aortic stenosis and the course of the disease could be predicted from clinical 
symptoms and signs. 
MATERIAL AND PLAN OF STUDY 

One hundred fifty-six cases of aortic stenosis came to autopsy at the Mallory Institute of 
Pathology, Boston City Hospital, between Jan. 1, 1943, and Nov. 20, 1952. One hundred six of 
these were found to have pure aortic stenosis, i. e., aortic stenosis without other valvular lesions 
and without gross aortic incompetence. 

The autopsy protocols and hospital records of these 106 cases were reviewed. Six cases were 
not included in the final tabulation, because the records were grossly incomplete. 

For the purpose of this study, “pure aortic stenosis” was defined as “aortic stenosis without 
gross aortic incompetence and without stenosis or incompetence of any of the other cardiac 
valves.” A completely normal mitral valve was not required for inclusion in the series. Forty- 
seven cases showed minimal changes of the mitral valve, such as thickening of the valve cusps 
and/or chordae tendineae. Functional mitral regurgitation may have existed in some patients. 

The 100 cases were classified as to the degree of aortic stenosis, according to the criteria of 
Kumpe and Bean,* as follows: An aortic valve admitting at most the tip of a finger was con- 
sidered markedly stenosed; a valve admitting more than the tip of a finger and up to one finger 
tightly was considered moderately stenosed; when a finger could enter the valve freely, stenosis 
was considered mild. Calcification of the valve was specifically mentioned in 95 protocols. 
ae 

This work was done during the tenure of a research fellowship of the American Heart Asso- 
ciation (Dr. Abelmann). 

From the Thorndike Memorial Laboratory, Second and Fourth Medical Services (Harvard), 
Boston City Hospital, and from the Department of Medicine, Harvard Medical School. Aided in 
part by a grant from the National Heart Institute of the United States Public Health Service. 
No. H442(C3). 
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RESULTS 
Incidence, Degree, and Etiology of Aortic Stenosis ——The over-aij autopsy inci- 
dence of aortic stenosis was 1.89%, while the incidence of pure aortic stenosis as 
defined was d.28%. Of the 100 cases with pure aortic stenosis, stenosis was marked 


. 


in 49, moderate in 32, and mild in 19. $ 

The age and sex distribution was in general agreement with other series from 
comparable institutions. The youngest patients were in the fifth decade; 18 
patients died before reaching the age of 60, and an equal number survived the age 
of 80. The mean age for the group was 68.9 years. Men outnumbered women, 
3:1. Of the 74 men, 43% had marked and 23% had mild stenosis, while of the 
26 women 65% showed marked and 8% showed mild stenosis. 

A history of rheumatic fever or chorea was elicited in 14 patients. If we accept 
either a clinical history of rheumatic fever or involvement of the mitral valve or 
presence of Aschoff bodies in the myocardium as evidence of probable rheumatic 
etiology of the aortic lesion, 56 of the 100 cases of aortic stenosis had a rheumatic 
background. 

Five patients died with subacute bacterial endocarditis, but in only one of 
these was this process thought to play an etiological role in the aortic lesion. In 
one case stenosis was thought to be congenital, and in another moderate stenosis 
was attributed to syphilitic aortitis. 


Symptomatology.—The chief complaint at the last hospitalization was related to 
heart disease in 67% of the patients. Dyspnea was the most frequent presenting 
symptom (33%), followed by chest pain (13%), weakness (8%), cerebrovascular 


accident (5%), and peripheral edema (5%). In two cases dizziness and syncope 
were the chief complaints. 

The incidence of symptoms in the entire group as well as in the subgroups with 
marked, moderate, and mild aortic stenosis is indicated in Figure 1. In order of 
decreasing frequency, the symptoms encountered were dyspnea, peripheral edema, 
orthopnea, cough, weakness, cardiac pain, weight loss, anorexia, palpitation, dizzi- 
ness, mental disorders, pulmonary edema, and syncopal attacks. Profuse sweating, 
stressed by Kumpe and Bean,* was rare. The percentage distributions of each 
symptom among these three groups indicate that there is no significant difference 
in incidence of cardiac symptoms in patients with different degrees of aortic stenosis. 
When pertinent cardiac symptoms were grouped and such symptom complexes 
then related to the degree of stenosis, no significant correlation between any one 
group and the degree of stenosis was evident. 


Chest Pain.—Thirty-two patients (32%) complained of pain in the chest which 
was considered to be of cardiac origin. Ten patients reported typical relation of the 
pain to exertion, and in 2 others the pain tended to occur after meals. Radiation 
to the shoulders and arms was reported in three cases. In 17 patients a clinical 
diagnosis of angina pectoris was made; the remaining 15 patients were considered 
to have cardiac pain, which will be referred to as “atypical angina pectoris.” 

In 76% of the patients in whom a clinical diagnosis of angina pectoris had been 
made, necropsy revealed marked coronary atherosclerosis with or without occlusion 
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of a major vessel, whereas only 27% of the patients with “atypical angina pectoris” 
showed marked coronary atherosclerosis, and in none of these could coronary 
occlusion be demonstrated. Wf 58 patients without cardiac pain, 32 (55%) showed 
marked coronary atherosclerosis. Considering the patients with any type of caréliac 
chest pain, marked coronary atherosclerosis was seen in 69% of 16 patients with 
moderate or mild stenosis and cardiac pain but in only 37% of 16 patients with 
marked aortic stenosis and cardiac pain. 

Of the 32 patients with cardiac pain, 7 showed no evidence of coronary 
atherosclerosis. Of these seven cases, four had marked stenosis; one, moderate 
stenosis, and two, mild stenosis ; scattered myocardial fibrosis was noted in four. 

Thus, it is confirmed that aortic stenosis may be associated with angina pectoris 
in the absence of significant coronary atherosclerosis.t Atypical angina appeared 
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Fig. 1—The incidence of symptoms in 100 cases of pure aortic stenosis. The symptoms are 
arranged in order of decreasing frequency. The total width of each column indicates the over-all 
incidence of the symptom. Absolute and percentage incidence are equal. The numbers inserted 
in each column indicate the number of cases in each of the three subgroups (marked, moderate, 
and mild stenosis) affected by the symptom. 


oftener related to the aortic lesion itself than was typical angina pectoris. In 19 
patients, of whom 10 had marked stenosis, there were old myocardial infarcts 
without evidence of coronary occlusion ; in 2 of these no coronary sclerosis was noted. 

Cardiac Murmurs and Thrills—An aortic systolic murmur was heard in 57 
patients. The incidence of aortic systolic murmurs did not differ significantly in 
patients with mild, moderate, or marked stenosis. Loud systolic murmurs (Grade 
IV or louder) were usually associated with marked stenosis (Fig. 2). A correla- 
tion between intensity of the systolic murmur and the degree of aortic stenosis has 
been reported previously.§ 
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In 24 patients (42% of the patients with a systolic aortic murmur) this murmur 
was transmitted to the neck. The murmur was accompanied by an aortic systolic 
thrill in 25 patients (45%). The incidence of transmission to the neck did not 
appear significantly different in the groups with mild, moderate, or marked stenosis, 
but a thrill was commoner in the group with marked stenosis. Sixty-eight per cent 
of the aortic systolic thrills were palpated in patients with marked stenosis. 


Twenty-nine of the 43 patients without a systolic murmur at the base had an 


apical systolic murmur. Of these 29 patients, 12 had marked, 10 had moderate, and 


7 had mild stenosis. Several of the apical murmurs were recorded as being harsh 

or squeaking. A high-pitched musical systolic murmur which may be heard best 

or even exclusively at the apex has long been recognized as a sign of aortic stenosis. 
There was no instance of aortic diastolic murmur without aortic systolic murmur. 


\n aortic diastolic murmur accompanied an aortic systolic murmur in 12 patients. 
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Fig. 2—The relation of the intensity of the aortic systolic murmur to the degree of aortic 
stenosis in 57 patients. The third column includes all murmurs louder than Grade IV. 


In none of these was the aortic valve considered grossly incompetent at post- 
mortem examination; aortic stenosis was marked in five, moderate in five, and 
mild in two. 

An apical diastolic murmur, usually faint, was described in 10 patients. Aortic 
stenosis was marked in five of these, moderate in four, and mild in one. While 
five hearts showed evidence of healed inflammation of the mitral valve, and active 
rheumatic carditis was demonstrated in one, none showed evidence of narrowing 
of the mitral orifice. An aortic diastolic murmur was heard in only 3 of these 10. 

Finally, in 11 patients no murmur at all was heard, although stenosis was 
severe in 3. Two of these 11 patients were in acute congestive heart failure at 
the time of physical examination. 

Second Aortic Sound.—Information about the relative intensity of the second 
aortic sound (A,) and the second pulmonic sound (P2) was available in 46 of the 
100 patients. In 23% of these 46 patients Az was not heard, and in 30% Az was 
considered less intense than Py. In 15% Az equaled Ps, and in another 30% 
Az was recorded as being of greater intensity than P». Thus, in one-half of the 
a 
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observations available Az was judged absent or less intense than P2. This per- 
centage is lowered to 30% ior the group with mild stenosis and increased to 62% 
jor the patients with moderate and marked stenosis. 

Thus, the intensity of Az: showed some tendency to be inversely related to 
the degree of stenosis, as has been observed by others.{ Even in the presence of 
severe aortic stenosis, the second heart sound in the second right intercostal space 
may be of normal intensity.# Since it is possible that the closure of the pulmonic 
valve may give rise to such a sound,‘ Aastrup and Petersen © recommend ausculta- 
tion in the first right intercostal space. 


Blood Pressure.—li one takes, with a view to the high average age of the 
over-all population studied, 160/100 as the dividing line between normal tension 
and hypertension, the group with marked stenosis yielded 13 patients with hyper- 
tension (26%); the group with moderate stenosis, 9 such patients (28%), and 
the group with mild stenosis, another 9 patients (47%). In all, there were 31 
patients with aortic stenosis and a systolic pressure over 160 and/or a diastolic 
pressure over 100. While hypertension in the presence of marked aortic stenosis 
usually was mild, the occasional coexistence of severe hypertension with tight 
stenosis reported by others * was confirmed in the present series. Two patients 
with marked stenosis showed severe hypertension; their blood pressures were 
280/140 and 260/130. 

The question arises as to whether a low diastolic pressure, suggestive of 
aortic regurgitation, precludes severe stenosis of the valve. Of the patients with 
marked stenosis, 14 (29%) had a diastolic pressure below 70, and in 2 of these 
the pressure was less than 50. The incidence of low diastolic pressures in patients 
with lesser degrees of aortic stenosis did not differ significantly. 

The pulse pressures were narrow, normal, or wide in any of the three groups. 
While the group of 49 patients with marked aortic stenosis showed a definite 
tendency toward a higher incidence of narrow pulse pressures, the same group also 
included the persons with the widest pulse pressure. A pulse pressure smaller 
than 40 mm. Hg was seen in 28%, 21%, and 5%, respectively, of the groups with 
marked, moderate, and mild stenosis. On the other hand, a pulse pressure greater 
than 70 mm. Hg was seen in 28%, 33%, and 59% of the groups with marked, 
moderate, and mild stenosis, respectively. 


Thus, the blood pressure showed considerable variability and appeared of 


limited value in the diagnosis and grading of aortic stenosis, as has been pointed 
out by Kumpe and Bean.* 

Cardiac Enlargement and Heart W eight—On physical examination the heart 
was considered enlarged in 64 patients (64%). Enlargement was considered 
marked in 35 patients. 

At autopsy the great majority of hearts showed hypertrophy; only 14 hearts 
weighed less than 400 gm. The mean heart weight for the entire group was 534 gm. ; 
the mean heart weights for the subgroups with marked, moderate, and mild stenosis 
were 568 gm., 521 gm., and 490 gm., respectively. These differences in heart 
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weight are statistically significant (significant at the 5% point by analysis of 
variance, F = 3.87). A similar direct relationship between heart weight and 
degree of aortic stenosis has been reported previously.7 

Cerebral Symptoms and Signs.—Signs of impaired consciousness were noted 
in 23 patients. These included mental dullness, drowsiness, confusion, stupor, dis- 
orientation, and coma. Coexistent syncope was reported for one of these patients, 
and dizziness, for four. The brain was examined in 17 of these 23 patients. Organic 
disease of the brain was demonstrable in 13, of whom 8 showed thrombosis, 
embolism, and/or infarction. 

In contrast to the above signs, the symptom of dizziness, which occurred in 
16 patients without impairment of consciousness other than history of syncope 
in 5, was not often associated with organic brain disease. Of 13 brains examined 
8 were normal, 4 showed arteriosclerosis alone, and 1 showed a meningocerebral 
cicatrix, 

Of all patients who had experienced syncope, the brain was examined in nine 
and was normal in eight. 

Electrocardiograms.—Electrocardiograms had been taken in 76 patients in this 
series. In 52 cases electrocardiograms suitable for review were recovered. Aortic 
stenosis was marked in 32 and moderate in 20 patients. The commonest electro- 
cardiographic findings were left ventricular hypertrophy (38%), abnormalities of 
the T waves (38%), and intraventricular or bundle branch block (33%). Auricular 
fibrillation was present in 30%, shifting auricular pacemaker in 19%, and complete 
heart block in 15% of the 52 cases. Left ventricular hypertrophy was evident in 
37% of the patients with marked stenosis and in 40% of those with moderate 
stenosis. The electrocardiogram was considered to be within normal limits in five 
patients, of whom three had marked and two had moderate stenosis. 

The occurrence of auricular fibrillation in 30% of the electrocardiograms is 
surprising ; this represents the highest incidence of this arrhythmia reported in 
aortic stenosis. Lewes * found auricular fibrillation in 20% of 20 patients; Kumpe 
and Bean,‘ in 19% of 53 patients; Dry and Willius,’” in 14% of 63 patients, and 
Contratto and Levine,* in 13% of 82 patients. Of the 48 patients not included in 
this analysis 11 were considered to have auricular fibrillation, often on the basis of 
an electrocardiogram. This would bring the incidence of auricular fibrillation in 
the entire series to 27%. Of the 27 patients who had auricular fibrillation, 14 (52%) 
showed pathological changes in the mitral valve ; comparable changes were found in 
45% of the patients who did not fibrillate. Thus auricular fibrillation did not 
appear attributable to mitral disease. 


Clinical Diagnosis of Aortic Stenosis—The diagnosis of the presence and 
degree of aortic stenosis on the basis of individual physical signs may be difficult. 
A somewhat better assessment of the anatomical and functional state of the aortic 
valve is possible on the basis of combinations of physical signs. In the Table com- 
binations of physical signs are related to the degree of aortic stenosis, and the 
per cent of cases in which the clinical diagnosis of aortic stenosis was made is 
indicated for each group. 

When the classic signs of aortic stenosis were present—aortic systolic murmur, 
aortic systolic thrill, and absent or decreased second aortic sound—stenosis was 
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always at least moderate. When, in addition to these signs, the pulse pressure was 
narrow, stenosis was marked in six of seven cases. When only two of the classic 
signs were present, stencsis was often marked, but it was not infrequently mild. 

A clinical diagnosis of aortic stenosis was made prior to death in only 50 
patients, although 94 patients died on teaching medical services. It is quite likely 
that with greater attention to the quality and intensity of aortic and apical systolic 
murmurs the diagnosis could have been made more frequently in the 15 patients 
with only aortic systolic murmurs and in the 29 patients with only apical systolic 


murmurs. 


Combinations of Physical Signs and Their Relation to Degree of Aortic Stenosis and to 
Clinical Diagnosis 





Degree of Stenosis % of Cases 
No. of Cases Diagnosed 

Total — nN ‘Aortic 
Physical Signs Cases, No. Marked Moderate Mild Stenosis” 





Aortic systolic murmur 7 6 1 0 100 
Aortic systolic thrill 

Absent or decreased Az 

Low pulse pressure * 


Aortic systolic murmur 
Aortie systolic thrill 
Absent or decreased Az 


Aortic systolic murmur 
Aortie systolic thrill 


Aortic systolic murmur 
Absent or decreased Az 


Aortie systolic murmur 
Low pulse pressure * 


Aortie systolic murmur 
Apical systolic murmur 

No murmur 

Examination unsatisfactory 


All cases 


* Pulse pressure 30 mm. Hg or less. 


Course and Prognosis of the Disease——It is known that patients with clinical 
aortic stenosis may remain asymptomatic for many years and lead a normal life.* 
The present material is unsuitable for comment about the duration of the asympto- 
matic phase, inasmuch as the patients rarely came under observation before the 
symptomatic phase of their illness. 

The course of the disease with respect to the symptomatic phase was analyzed 
from the point of view of single symptoms, combinations of symptoms, and dis- 
ability. 

When the duration of individual symptoms and combinations of symptoms, with 
reference to the time of death, was analyzed separately for the three degrees of 
aortic stenosis, no significant difference was seen in the survival times. Thus the 
group as a whole will be discussed. Survival curves for individual cardiac symptoms 
resembled each other fairly closely. The survival curves for four manifestations of 
the disease are shown in Figure 3: cardiac pain, syncope, auricular fibrillation, and 
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congestive heart failure. Congestive heart failure was considered established when 
definite and persistent signs and symptoms of pulmonary and/or systemic con- 
gestion were present. It is seen that within two years of the advent of any one of 
these four manifestations one-half of the patients had died. Less than a quarter 
of the patients survived the onset of these manifestations by five years. The prog- 
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Fig. 3—Survival time after onset of individual clinical manifestations of aortic stenosis. The 
number of patients is given in parentheses. 
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Fig. 4.—Survival time after onset of combinations of clinical manifestations of aortic stenosis. 
Ihe number of patients is given in parentheses. 


nosis after onset of auricular fibrillation appeared even worse, but it must be kept 
in mind that this arrhythmia may well have been present for some time before 
it was recognized. 

Coexistence of any two of the following: cardiac pain, syncope, auricular 
fibrillation, or congestive heart failure, appreciably decreased the life expectancy 
(Fig. 4). 
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A special effort was made to determine the duration of disability for each case. 
For this purpose disability was defined as a state of illness sufficiently severe to 
oblige the person to change his or her accustomed life radically. The best indication 
of disability was retirement from work or housework. These data are approximate. 
because of their retrospective nature and the predominantly advanced age of the 
patients. 

Information as to duration of disability was available in 57 patients, of whom 
49 were men and 8 were women. The duration of disability appeared related to 
both the age of the patient and the severity of aortic stenosis. Twelve patients 
with marked stenosis, under 60 years of age, showed a mean duration of disability 
of one month, with a range of two weeks to seven weeks. Seventeen patients with 
marked stenosis, but over 60 years of age, were disabled from 2 to 10 years, a 
mean of 4.7 years, before death. The corresponding figures for the patients with 
moderate and mild stenosis showed a duration of disability from 1 to 12 months for 
10 patients under 60 (mean 7.5 months) and 1 to 11 years for 18 patients over 60 
(mean 5.8 years). Thus a patient under 60 years with marked aortic stenosis had 
a life expectancy of only one month once he became disabled. 

An analysis of the number and duration of hospitalizations reflects the above 
findings. The mean duration of the last hospitalization was 10.7 days for all cases. 
It was 8 days for marked stenosis, 14 for moderate stenosis, and 13 days for mild 
stenosis. Admissions for heart failure averaged 1.6 in the group with marked 
stenosis, 1.8 in the group with moderate stenosis, and 2.7 in the group with mild 
stenosis. These rates paralled closely those cited by others.t Thus the patient with 
mild aortic stenosis had a better chance of surviving a hospitalization for heart 
failure than a patient with moderate or marked stenosis. 

These data suggest that, while asymptomatic aortic stenosis may not interfere 
with a normal life span, once the disease becomes symptomatic the prognosis is 
unfavorable. When multiple cardiac symptoms appear, and especially when con- 


gestive failure has become established, the prognosis is grave. These findings 


& 


are in agreement with those of McGinn and White,’* Contratto and Levine,* and 
Kumpe and Bean,* while Anderson and co-workers '! interpreted an average 
survival of 2.2 years for patients with aortic stenosis and congestive failure as 
allowing a less guarded prognosis. 

Sudden Death.—The term “sudden death” as used here includes instantaneous 
death as well as death occurring unexpectedly within minutes. Sudden death 
occurred in 24 patients. Five were in congestive heart failure at the time of the 
last admission ; of the remaining 19, only 4 had ever been in congestive heart failure. 
Of the 76 patients who did not die suddenly, 29 were in congestive failure during 
the last admission. With respect to other symptoms and signs this group did not 
differ from the series as a whole. Five of the 24 patients who died suddenly had 
experienced syncope previously. Analysis of the autopsy findings in this group 
of 24 reveals that coronary sclerosis was moderate to marked in 10, slight in 7, 
and absent in 7. The myocardium was considered normal in 10 and showed fibrosis 
without infarction in 9, Oid infarcts were demonstrated in two, and new infarcts 
in three. Of the five hearts with infarcts, all showed sclerosis of the coronary 
arteries, but no coronary occlusion was demonstrated in the two with old infarcts. 


A 
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Pulmonary emboli and infarcts were seen in four cases and were considered the 
cause of death in three. The experience of others § was borne out: necropsy rarely 
explained the sudden death. 

The incidence of sudden death did not appear to be influenced by the degree 
of aortic stenosis: it was 20% for patients with marked stenosis, 25% for those 
with moderate stenosis, and 32% for those with mild stenosis. While Kumpe and 
Bean * also found no evidence that sudden death was more likely to occur in a 
patient with marked aortic stenosis, others encountered sudden death more fre- 
quently in patients with marked stenosis.|| 

Causes of Death—Death was attributed to aortic stenosis or one of its com- 
plications in 80 patients. Among these, pulmonary embolism was considered the 
immediate cause of death in seven; myocardial infarction, in six, and bacterial 
endocarditis, in six. 

In 20 cases the cause of death was unrelated to the cardiovascular system. 
However, severe congestive failure was considered contributory to death in four of 
these, and symptoms and signs of heart failure were present in six others. The 
survival curves with respect to symptoms and disability were not changed signifi- 
cantly when cases in which death was primarily noncardiac were excluded. 


COM MENT 


Before the results of this retrospective survey of patients selected on the basis 
of diagnosis at necropsy may be applied in the clinic, the validity of the recorded 
observations and the nature of the sample must be considered. 

Had all patients in this series been examined by one cardiologist, the observa- 
tions of heart sounds and murmurs might have differed and might have been 
more comparable. On the other hand, 94% of the patients were examined on 
teaching medical services, and the diagnosis of aortic stenosis was made in one-half 
the patients. 

How representative was the sample of the entire population with aortic stenosis ? 
The group analyzed represents a highly selected one. The population of a city 
hospital is not representative of the population at large, being weighed in favor of 
the indigent, the unemployed, the disabled, and the elderly. Labor finds better 
representation than the more sedentary occupations. The disability data thus may 
not be applicable to other groups. 

Sudden death is frequent in patients with aortic stenosis. Unless the death 
occurred in the hospital, this group was not sampled. Hence, as stated, the present 
data yield no information as to prognosis in the asymptomatic phase and probably 
underestimate the danger of sudden death during the ambulatory symptomatic 
phase. 

With these limitations in mind, it is of importance to know that the prognostic 
implications this survey carries for the symptomatic patient have to considerable 
extent been borne out by our recent clinical experience. A fair number of patients 
have died unexpectedly while under consideration for surgical treatment of aortic 
stenosis. 
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Implicit in the approach taken by the present survey, as well as by previous 
clinicopathological studies of aortic stenosis, is the concept that isolated aortic 
stenosis is a disease the manifestations of which are attributable, either directly 
or indirectly, to the narrowing of the acrtic orifice and that the degree of obstruc- 
tion to blood flow is the prime determinant of the severity of the disease. The 
symptoms did not differ significantly in mild, moderate, or severe stenosis. The 
course of mild and moderate stenosis was similar, but survival after onset of multiple 
symptoms tended to be shorter when stenosis was severe. Yet survival for a nor- 
mal life span is possible with advanced aortic stenosis. In the present series 32 
patients who survived the seventh decade denied cardiac symptoms prior to age 
70. Aortic stenosis was severe in 14 of these patients. The question may well be 
raised whether the degree of stenosis is the prime determinant of the course of the 
disease. Alternatives are that coexistant aortic regurgitation may play a major 
role or that extravalvular factors may be more important determinants of cardiac 
function. 

The semilunar valves normally may be partially closed during systolic ejection.’® 
Hence it is not surprising that the aortic orifice must be reduced to less than 25% 
of its cross sectional area before stroke volume diminishes.{ Even further narrow- 
ing may be compensated for by a prolongation of the systolic ejection period ** and 
by relatively slight increase of intraventricular pressure.2* With more severe 
obstruction at the aortic valve, further compensatory rise in systolic ventricular 
pressure may compromise coronary blood flow.** However, an increase in left 
ventricular pressure in response to an increased load is generally accompanied by 
an increase in coronary blood flow.** Thus it would seem that in the presence of 


a normal coronary vascular bed and a healthy myocardium aortic stenosis must be 
severe before the demands of ordinary life cannot be met by compensatory mech- 
anisms. However, in the presence of coronary atherosclerosis, myocardial fibrosis, 
or hypertension lesser degrees of aortic stenosis may result in a work load which 
can be met no longer, especially if aortic regurgitation is also present. 


Another tacit assumption of the present and previous surveys of isolated aortic 
stenosis is that when stenosis is severe little if any regurgitation can be present, 
and that when stenosis is mild more regurgitation is likely. The assumption is 
that for a rigid valve the degree of regurgitation is proportional to the area of the 
orifice. However, as Wiggers ** has pointed out, the regurgitant volume is a 
function not only of the diastolic valve area but also of the duration of diastole 
and of the pressure differential across the valve. This pressure differential tends 
to be lower with large valve areas than with small orifices and may be decreased 
by an increase in ventricular diastolic pressure or by a decrease in aortic diastolic 
pressure. Unfortunately, neither the clinical nor the anatomical examination allows 
adequate quantitation of aortic regurgitation: the diastolic murmur may be intense 
with small leaks ?°; the peripheral signs may in part be due to peripheral vaso- 
dilatation,”® and reduced distensibility of the arterial tree in elderly patients may 
favor higher systolic, lower diastolic, and hence wider pulse pressures.'® 

Some support for the thesis that the degree of stenosis is the chief determinant 
of the load on the heart may be seen in the fact that heart weight is proportional to 
the degree of stenosis. 


{ References 20 and 21. 





M. A. ARCHIVES OF INTERNAL MEDICINE 


The material available for the present survey did not permit discussion of 
roentgenologic methods, which are of considerable diagnostic value in patients with 
aortic disease. By means of careful fluoroscopy of the heart,# overpenetrated 
roentgenograms, or body section roentgenography *° it is possible te demonstrate cal- 
cification of the aortic value in a high percentage of patients with aortic stenosis. 


SUMMARY AND CONCLUSIONS 

Clinical and autopsy records of 100 cases of aortic stenosis without significant 
involvement of other valves have been reviewed. The clinical symptoms and signs 
and the course of the disease have been examined in relation to the severity of the 
lesion. 

Aortic stenosis was marked in 49, moderate in 32, and mild in 19 cases. The 
mean age for the group was 69 years. Men outnumbered women three to one. Symp- 
toms in general were those of heart failure. One-third of the patients complained of 
pain referable to the heart; in only half of these was the pain diagnostic of angina 
pectoris. Typical angina was more often accompanied by coronary atherosclerosis 
than was atypical cardiac pain. Dizziness was a symptom in one-quarter of the 
group, and syncope was reported in one-eighth. 

Even in the presence of severe aortic stenosis, systolic basal thrill and murmur 
were often absent, the second aortic sound frequently was judged normal, and the 
diastolic pressure not infrequently was low and was associated with a wide pulse 
pressure. <A harsh systolic murmur, loudest at the apex, or heard exclusively at 
the apex, at times was the only physical sign of aortic stenosis. Systolic and/or 
diastolic hypertension was present in one-third of the patients. Electrocardio- 


graphic evidence of left ventricular hypertrophy was seen in only 38% of the trac- 


ings reviewed, while auricular fibrillation was present in 30%. 

The nature of symptoms and their severity appeared of little aid in assessing 
the degree of stenosis, perhaps because of the degree of associated coronary athero- 
sclerosis, myocardial fibrosis, and aortic regurgitation. A rapid evolution of symp- 
toms favored a high degree of stenosis. An absent second aortic sound, an aortic 
systolic murmur Grade IV or louder in intensity, or an aortic systolic thrill 
favored marked stenosis. Blood pressure and pulse pressure were of limited 
value in assessing the degree of stenosis, but a narrow pulse pressure indicated 
moderate to marked stenosis. 

It is concluded that aortic stenosis even when severe may be accompanied by 
few if any of the classic signs. Assessment of the degree of aortic stenosis by the 
usual clinical criteria is difficult. 

While the asymptomatic phase of the disease was often long and permitted 
the attainment of advanced age, once cardiac symptoms had appeared the prognosis 
became guarded. The appearance of congestive failure was a grave sign, as was 
auricular fibrillation. When either of these was accompanied by cardiac pain or 
syncope, death followed within weeks to months. 

Dr. Kenneth L. Mallory, Director of the Mallory Institute, gave permission to review the 
postmortem files, and Dr. William E. Reynolds, of the Department of Preventive Medicine. 
Harvard Medical School, gave advice concerning problems of sampling. 


# References 27 and 28. 
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CONTINUOUS THERAPY OF NEPHROTIC SYNDROME IN CHILDREN 
WITH CORTICOTROPIN GEL 
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AND 
LLOYD F. TIMBERLAKE, M.D. 
ATLANTA 


NTERMITTENT treatment with adrenocorticotropic hormone, first described 
by Farnsworth,’ is a definite milestone in the management of the nephrotic 
syndrome. Diuresis is accomplished in 45 to 80% of the cases,* and in many 
improvement is maintained. Those who require repeated courses, however, swing 
from an edematous state to a dehydrated, washed-out, debilitated condition and are 
rarely well enough to live normal lives. They eat voraciously at times and are ano- 


rectic at others. 


In the summer of 1951, when a 3-year-old child failed to have her usual diuretic response 
following a 12-day course of corticotropin (ACTH) treatment was resumed at a lower dosage 
level for two more weeks, after which complete diuresis occurred. The child (L. H.) had 
had a series of 10 courses by March 3, 1952. Between courses albuminuria would disappear, 
only to reappear in a few days followed by edema. She was never well enough to permit normal 
activities. Her distressed parents asked if something more could be done, and, in view of her 
encouraging response in the summer, it was decided to try continuous therapy. At the time 
she was free of edema, but albumin had just reappeared in her urine for the 11th time. She 
was maintained on the same dose as in the summer, 10 mg. every other day. Within a week 
albuminuria disappeared and has been noted only once since then, on April 19, 1952, when she 
had 4+ albuminuria for three days with an acute coryza. 

Just after this, a 3-year-old child who had responded well to three previous 12-day courses 
of corticotropin failed to respond to a fourth course. Edema and albuminuria remained unaffected, 
and the blood nonprotein nitrogen began to rise as the corticotropin dosage was tapered off on 
Feb. 22, 1952. At that time the patient was started on 40 mg. of corticotropin gel daily con- 
tinuously. On March 5, 1952, the urine contained 4+ albumin and 75 to 100 red blood cells. 
The edema became maximal on March 10, 1952, and then began to subside. Five days later, 
on March 15, 1952, the albuminuria was 1+, with 10 to 50 RBC’s. Arbitrarily the dosage was 
reduced to 40 mg. every other day. Edema gradually disappeared except for some edema of 
the face from Cushing’s disease. Albumin continued at a trace to 1+ except on two occasions 
of dosage readjustment, when it was 4+. Since Aug. 4, 1952, she has never had more than 
a trace of albumin, and tests for it have been negative most of the past year. Her phenol- 
sulfonphthalein test, which yielded 15% in one hour in April, 1951, now is up to 80% in two 
hours. Clinically, she is well, though the small amount of albumin indicates slight residual 
difficulty. Corticotropin therapy was discontinued in March, 1953. 


The early results achieved in these two cases encouraged the use of a similar 
plan in 23 other children. Adults were not treated with continuous corticotropin 


Read before the Section on Experimental Medicine and Therapeutics at the 103rd Annual 
Meeting of the American Medical Association, San Francisco, June 22, 1954. 
* References 2 and 3. 
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CONTINUOUS CORTICOTROPIN-GEL THERAPY IN NEPHRITIS 


therapy because the complications of treatment are frequent and because the large 
doses required in them make the expense prohibitive. Most children are given at 
least one 10-day trial course, and if relapse follows continuous treatment is started. 
The procedure has been to place the child then on a daily dose of corticotropin, 
1 mg. per pound (0.45 kg.), until albuminuria has been absent for one to two weeks. 
If there is no response after three weeks, the dose is increased to 1.2 mg. per 
pound. At this time the same dose is given every other day. During the subsequent 
month the amount of each dose is cut about 3% of the original dose; during the 
next month, 1.5% of the original dose; 0.5% each dose for the next month, and, 
finally, 1 mg. per pound is given twice a week. This level is continued for several 
weeks to allow a period of observation. If at any time albuminuria recurs or 
increases, the patient is treated as outlined in the discussion of relapse. A 200 mg. 
sodium diet is maintained until all signs of Cushing’s disease are gone. Cushing’s 
disease may be apparent until as little as 10 mg. every other day is being given! 


TABLE 2.—Relapses 


Causes: Dose, off treatment, infection 


Patient Mo. of Treatment Present Status 
OK 13 mo. 
OK 8mo. 
OK 9mo. 
OK %mo. 
OK 5.5mo. 
11.5, 14.5, 18, 20, 26 OK 1mo. 
Off 10 OK 1.5 mo. 
1.5, 4, 7.5 OK 1.5mo. 
7, 3.5 OK 1.5 Mo. 
Never clear Fluctuates 
OK 1mo. 
OK %mo. 


Zz 


om & bh eH 


1 
4 
2 


Three to 5 gm. of potassium chloride or 6 to 12 gm. of potassium salts in solution 
(Potassium Triplex) are given during the same period. Prophylactic sulfadiazine, 
0.5 gm. daily, is administered until the patient has been well for six months. Each 
coryza or pharyngitis is treated with penicillin and the corticotropin dose is doubled 
until the infection subsides. Large doses of antibiotics are not practical in continu- 
ous therapy, and there is some evidence that they may encourage elaboration of 
unusual bacteria in tissues and in the bloodstream. Ears, throat, chest, and abdomen 
are checked before each injection, since clinical signs of infection are obscured by 
corticotropin. Patients must be seen by a physician each time. Fatal infections have 
developed when others have administered corticotropin therapy, without fever and 
without the usual manifestations of illness in the patient. 

Relapse occurs (1) with almost any type of infection, especially if the dose is 
not doubled at the time; (2) from adjustment downward in dosage, and (3), in 
two instances, from no apparent cause. It has occurred three times in association 
with a varicella infection and once with a smallpox vaccination. Most of the other 
infections were coryzas. It may come as long as a year after treatment has been 
discontinued but is unusual after six months. Metcoff, however, has had relapses 
in patients as long as a year and a half after treatment has been stopped.t Relapse 


iii oshneeeeeeeel 
+ Metcoff, J.: Personal communication to the authors. 
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is usually abrupt, and increase in albuminuria is striking, so that an occasional trace 
or 1+ albumin in the urine is disregarded. A 2 to 4+ albuminuria means relapse, 
and either the dosage or the frequency of administration is doubled at once. If albu- 
minuria has not diminished within 48 hours, the dose is increased to the initial level. 
Edema has recurred in only one instance while treatment was going on, and in this 
case the amount of corticotropin was not increased promptly. Albuminuria can usu- 
ally be controlled in 3 to 10 days, but in a few instances several weeks have been 
required. The family should be taught to test for albuminuria daily, so that relapse 
can be treated promptly. 
RESULTS 

Twenty-five patients have been treated continuously by a modification of the 
above method. No deaths have occurred, though 9 of 14 patients had a blood non- 
protein nitrogen of 40 to 95 mg. per 100 cc. before treatment was started. This 
promptly returned to normal after treatment. Edema has disappeared in all but 
one within a period of two to six weeks; it has reappeared during relapse in three 
patients but has readily responded to subsequent therapy. Albuminuria has been 


TABLE 3.—Factors in Response 


Onset (9 mo. to 10 yr. previously).... 
Duration (2 wk. to 4 yr.). 

Hematuria (7 patients)... ‘ 

Prior intermittent treatment (12 patients) 
Rapidity of initial response 

NPN elevation (6 of 9 patients resistant)... 
Cholesterol level (rapidity of reduction)... 
Infections 


reduced to negative or a trace in all but two. However, relapse has occurred while 


on or off treatment four times in one patient, three times in two patients, twice in 
five subjects, and once in four patients. Fourteen children have been off treatment 
from 1 week to 18 months, average 8 months, with no edema for 2 to 25 months, 
average 15 months, and no albuminuria for 2 to 21 months, average 13 months. 

Twelve children had had an average of four intermittent courses of treatment 
with failure before continuous treatment was started and must be regarded as some- 
what more resistant candidates than the average. Another patient was eliminated 
from the group by the fact that she responded to a single course of treatment and has 
not had a relapse. It is our present practice to give a single 10-day course of cortico- 
tropin, and continuous treatment is used only if this course fails; consequently, 
recently only less responsive patients have been treated. 

The blood nonprotein nitrogen level was significantly elevated to between 40 
and 95 mg. per 100 cc. in 9 of 14 cases in which it was measured and returned to 
normal within a week or two after treatment was started. It has not risen in any 
patient during treatment but became elevated in two patients who had relapses after 
treatment was discontinued. 

In 12 of our patients an average of four courses of intermittent treatment failed 
to produce satisfactory results, and 2 patients appeared to be in serious condition 
when continuous therapy was initiated. There have been no deaths; 14 patients are 
in remission off of treatment an average of 9.6 months (one had a relapse 10 months 
after being off of treatment). Nine are in remission but still on treatment. 
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All but one patient have had a satisfactory diuresis, and all but two, a good 
response in becoming albumin-free. One of these has been a total treatment failure. 


No relationship has been discovered between response to treatment and (1) hem- 
aturia, (2) age if under 20 years, (3) duration of disease, and (4) rapidity of initial 
response. With one exception, patients who have an elevated blood nonprotein 
nitrogen level have been more resistant to treatment. The initial level of blood 
cholesterol has no relationship to length of treatment necessary. There appears to 
be a tendency for good response among those who had a rapid fall in cholesterol, 
but data are not conclusive. 

COMPLICATIONS 

The only complications have been signs of hyperadrenocorticism, or Cushing’s 
disease, in all but two patients and slight acne in some of the older children. One 
patient was euphoric but was being given only 10 mg. every other day at the time. 
Pneumococcal infections have not occurred during treatment, possibly because all 
patients were under close observation and respiratory infections were treated vigor- 
ously with antibiotics. No deaths have occurred. 


COMMENT 


The outcome of this disease without treatment is hard to ascertain from the litera- 
ture. Rough figures have been that one-third die, one-third get well, and in about 
one-third the disease becomes chronic. These figures are probably too pessimistic. 
About 50% of the intermittent courses of corticotropin reported have resulted in 
diuresis, but this is hard to evaluate, because the length of the courses has varied 
from 7 to 14 days. Of 45 children in one group,* 12 have had remissions for more 
than six months and 4 have died—2 of infection and 2 of hypertension and electro- 
lyte disturbances. Half of all the patients have had remissions of more than three 
months. In another group, of 34 patients reported *® 2 have died of infection and 
4 of progressive renal disease and failure. The cases in this series are of too short 
duration to evaluate cures. One other series is reported with 45 patients, of whom 
8 died ; none of these deaths was due to infection. Five had remissions of more than 
six months. Four of the five remissions occurred as a result of a single course of 
treatment, a group which is eliminated from our series.’ 

There is no evidence that the underlying process is terminated by any form of 
treatment. Whether it is shortened or not cannot be determined. Parents whose 
children have had both forms of treatment prefer the continuous method despite the 
inconvenience of frequent injections because (1) the child can return to full activity 
when albuminuria is stabilized at a trace or negative and (2) most children eat 
better and have a better disposition. So far, no renal failure has developed during 
treatment. 

SUMMARY 

Twenty-five nephrotic children have been treated with continuous corticotropin- 
gel therapy. 

All but two are free of edema at present, and all but three are free of albuminuria. 
One of these has been completely unresponsive. The other two have responded well 
but are in relapse at the moment. While relapses have occurred, the course of 
24 patients suggests that all 24 will be well eventually. 
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No serious complications have occurred. There have been no deaths. Neverthe- 
less, patients must be checked by a physician before each injection. Infections can 


occur unaccompanied by the usual signs. 

Most patients can return to full activity in two to six weeks, when albuminuria 
has disappeared. 

All children have developed normally. 

This appears to be a more satisfactory form of therapy, though there is no evi- 
dence that the underlying process is cured or even shortened. Progressive renal 
failure and death have not occurred so far during more than two years of observation. 
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URING the observation of patients in whom diabetes exists for a period of 20 or 

more years, certain vascular or degenerative complications appear frequently. 
Today, attention is concentrated on the specific effects upon the venules and capil- 
laries as well as arterioles, especially in the retinae and in the glomeruli of the 
kidneys. A common chemical pathology may be discovered to explain these lesions 
as well as the frequency of atherosclerosis. In patients whose diabetes began early 
in life, a triad is being recognized with increasing frequency ; namely, the sequence 
in the same patient of neuropathy, retinopathy, and nephropathy. The series of 25 
such cases described by Root and Kenney * has been increased to 155 in the present 
report. 

DEFINITION 

The term “triopathy” has been applied to diabetic patients who usually have 
shown, first, clinical evidence of neuropathy; then, diabetic retinitis, and, finally, 
the nephropathy of diabetes. 

In this series, the term “diabetic neuropathy” has been used to include those 
patients with a history or findings of severe neuritis (neuronitis), that is, in whom 
severe paresthesias ; nocturnal pain ; objective evidences of loss of sensation, of motor 
function, or of reflexes, or disturbances in the autonomic nervous system have been 
persistent after initial or temporary diabetic control has been attained. The incidence 
of diabetic neuropathy will vary considerably according to the author’s definition. 
Thus, if one accepts impaired vibratory sensation as alone sufficient for diagnosis, 
then a very large number of patients would be included. Probably 95% of diabetic 
patients over 30 years of age with uncontrolled diabetes for more than five years 
would show such findings. Indeed, some authors have reported an incidence of 
peripheral neuropathy in diabetes of 30 to 90%. In Mirsky’s study of 102 cases,? 
in addition to the usual clinical evidences of neuropathy, he measured vibratory 


Read before the Section on Internal Medicine at the 103rd Annual Meeting of the American 
Medical Association, San Francisce, June 22, 1954. 
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perception by means of an inaudible electromagnetic vibrator. The vibratory fer- 
ception threshold steadily regressed in all diabetics with increasing age, when 
measured in either the index finger or the toe. The evidences of neuropathy rose 
from 80% of patients between 21 and 30 years to 100% in those between the ages 
of 71 and 80. The diabetic neuropathy may manifest itself in many ways. It is 
certainly not limited to the peripheral nerves but may involve any portion of the 
nervous system. Not only may peripheral, motor, and sensory neurons be involved 
but spinal nerve roots and autonomic pathways concerned with temperature regula- 
tion, postural blood pressure adjustment, motor control, and intestinal and bladder 
function may be involved. In the commonest form of so-called acute neuritis, a 
severe pain, characteristically worse at night, with loss of tendon reflexes, muscle 
tenderness, muscle atrophy, and finally paralysis, is the striking feature. The typical 
diabetic nocturnal diarrhea lasts for weeks or months, often alternating with con- 
stipation and often with fecal incontinence. The pseudo-Charcot-joints are swollen 
but not red, hot, or painful. In the selection of these patients, many cases were 
excluded on the grounds that the neurologic symptoms were indefinite, of brief 
duration, or possibly due to causes other than diabetes. It must be remembered 
that clinical lesions of the nervous system occurring in diabetic patients in a general 
hospital population would include not only diabetic neuropathies but many cerebral 
vascular accidents, since the majority of patients are past the age of 45 years and 
many are patients hospitalized for lesions secondary to hypertension and arterio- 
sclerosis. All such lesions have been eliminated in the selection of these patients. 

The retinopathy referred to in this series means the presence not merely of 
capillary microaneurysms of diabetes but of hemorrhages and characteristic diabetic 
exudates. The hard, waxy exudates, with changes in caliber and thickened walls 
of the venules, are features. The more serious retinitis proliferans is characterized 
by the new formation of fibrous tissue, especially at or near the optic disc, often as 
organization of areas of hemorrhage. Often separation of the retina and repeated 
hemorrhage into the vitreous occur. In this series the diagnoses of retinitis and 
retinitis proliferans were confirmed by ophthalmologists. 

The diabetic nephropathy is frequently ushered in by albuminuria or edema. 
Within a year or more the edema may become permanent; hypertension develops, 
and retinal lesions present either before or subsequent to the edema advance. 
During the first few years of this stage, a nephrotic syndrome with elevated plasma 
cholesterol values, marked edema, and marked albuminuria may appear benign, but 
sooner or later a stage of nitrogen retention is ushered in and uremia results. In 
the present series of 155 cases, among the 51 dead, 33 patients died in uremia and 
in the 5 cases in which there was terminal coronary occlusion or cerebral hemorrhage 
underlying nephropathy and uremia were also present. 


INCIDENCE 

In the 12 months ending Dec. 31, 1953, admissions of diabetic patients to the 
New England Deaconess Hospital numbered 2,577, for 2,288 different persons. 

The frequency of diabetic complications in the retina, nervous system, and 

kidneys is indicated by the fact that in 784 patients of this group diagnoses of 


VR 


+ Drs. J. H. Waite, W. P. Beetham, Richard Pippitt, H. A. Mosher, and J. Hill gave help 
in this study. 
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diabetic retinopathy, neuropathy, or nephropathy were made. In Table 1 it 
is seen that the fully developed triopathy occurred in 41 males and 30 females. 
Diabetic retinopathy, indicated by microaneurysms, hemorrhages, and diabetic 
exudates, occurred in 265 patients. The more advanced form of diabetic retinopathy, 
retinitis proliferans, occurred in 73 cases. Nephropathy was present in 147 patients, 
and neuropathy was found in 228 patients. 

In Table 2 are summarized some basic facts regarding this series of 155 cases. 
It will be seen that a total of 68 patients of this series developed the three features 
of the triopathy between the ages of 20 and 39 years; 58 patients developed the 
syndrome between the ages of 40 and 59, whereas only 29 patients developed the 
full syndrome after the age of 60. The duration of diabetes is important. Thus, 88 
of this series had had diabetes between 10 and 19 years, in contrast to only 18 


TABLE 1.—Retinopathy, Nephropathy, and Neuropathy in 784 Diabetics 


Male, Female, Total, 
No. No. No. 


41 30 71 
113 152 265 
32 41 7 
86 147 

122 


HOOD. Sancrckssncess 5 
Diabetic retinopathy ..... 
Retinitis proliferans . 
Nephropathy ...... 
Neuropathy 


Total 
TABLE 2.—Triopathy of Diabetes in 155 Patients (51 Fatalities) 


Duration of Diabetes 
eee 7 


Age at ———_—— 


Triopathy, 10-19 20-5 Total 


Yr. an ga Cases 
20-39..... satin ; Seid ; i arts ‘ b 42 68 
40-59...... 32 58 
baka odedaiees viieeacexee<s 14 § 29 


88 ‘ 155 


patients who had had diabetes less than 10 years; 49 patients had had diabetes 
between 20 and 34 years at the age of the full development of the triad. When one 
considers, however, the age of onset of diabetes, the outstanding feature is the 
frequency of this condition in the more severe type of diabetes, which has its onset 
early in life and in which diabetic control has been least exact. Typical cases are 
cited here. 


Case 104.—A boy developed diabetes at the age of 4 years. He grew up under fairly care- 
ful treatment during the first years of childhood but with rather poor control after he reached 
the age of 16 years. At the age of 25 he was taking insulin varying from 86 to 100 units a day 
but was not testing the urine regularly daily or adjusting his insulin and diet in an attempt to 
keep the urine sugar-free a part of each day. At that time a few hemorrhages and exudates 
were present in each fundus. Within a year, retinitis proliferans had become present. During that 
year gradually increasing nocturnal shooting pains in the legs and hands, with severe burning 
sensations in the legs and right hand, developed. The condition became more severe. A spinal 
fluid protein of 103 mg. was found at the age of 27, in contrast with the normal, 30 to 40 mg. 
With progression in the neuropathy at the age of 30, a general atrophy of the musculature 
appeared. The spinal fluid protein reached a level of 206 mg. The pain became so severe and 
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his mental state so depressed, with threats of suicide, that a bilateral lobotomy was finally per- 
formed. A month later the first persistent albuminuria occurred. Knee jerks had been absent for 
some time. Within two months, in another city, he developed diabetic coma and died from aspira- 
tion pneumonia with multiple lung abscesses. At autopsy, histologic examination showed, besides 
severe fibrosis of the pancreas, diabetic nephropathy, and general arteriosclerosis, characteristic 
bubble formation and loss of myelin from fibers of the lumbar nerves. Fat stains revealed 
phagocytized fat in small amounts. 

Case 10015.—A man, aged 29 years at the onset of diabetes, in 1927, came for treatment on 
April 15, 1931, because of persistent numbness in the hands and finger tips and toes, which had 
begun soon after his diabetes began four years previously but had been most severe during the 
preceding four months. He had had no insulin during these four years. His urine on admission 
contained 5.2% sugar, and the blood sugar was 380 mg. His weight had fallen from 248 to 179 
Ib. (112 to 81 kg.). 

In spite of his symptoms, he did not follow the advised dietary regime at home, although he 
did take his insulin. By 1934, the legs became weak and heavy, the muscles became tender, and 
knee reflexes disappeared. By 1939, penetrating ulcers developed in the feet, requiring grafts. 
In 1940, he had severe attacks of diarrhea alternating with severe constipation. Sometimes the 
bowel movements did not occur for six or eight days at a time. Soon the diarrhea became 
nocturnal, with an average of three to five stools a night. Incontinence occurred, and gastro- 
intestinal x-rays were done repeatedly, showing a dilated stomach with irregular emptying. At 
times, the barium moved through the small intestine rapidly. Bethanechol (Urecholine) was used, 
with little benefit. In 1944, retinal hemorrhages developed, and by 1946 there was a large vitreous 
hemorrhage in the right eye and typical retinitis proliferans in the left eye. Albuminuria and 
hypertension developed in 1946. Nitrogen retention followed. The insulin dose fell to one-half the 
usual amount. The patient died in uremia in 1954. Postmortem examination showed the typical 
diabetic nephropathy, with Kimmelstiel-Wilson lesions in the glomeruli, intercapillary glomerulo- 
sclerosis, arteriolonephrosclerosis, generalized arteriosclerosis, and fibrinous pericarditis. Degener- 
ative changes in the cauda equina roots and peripheral nerves, with slight changes in the 
posterior columns of the spinal cord, were noted. 


In this series of 155 cases, as in the illustrative cases, the multiplicity of neuro- 


logic lesions in the same person is to be stressed. Only 21 patients had a single 
neurologic sign or symptom. Thus, 34 of 35 patients who had the nocturnal diarrhea 
of diabetes had other evidences of diabetic neuropathy, such as the severe nocturnal 
pain, the loss of reflexes, or ocular motor paralyses. Four of six patients with 
pseudo-Charcot-joints had other neurologic symptoms and signs. The same is true 
of the patients who had paralysis of the bladder. In three cases marked lesions of 
the autonomic nervous system were evident, including abnormal sweating, disturb- 


ances in gastric motility, and diarrhea. Loss of reflexes was associated with other 
evidences of neuropathy in 70 cases. The most outstanding symptom of the neurop- 
athy was severe pain, worse at night. The pain in some cases was deep, but it 
sometimes seemed to be superficial and might be described as aching, grinding, 
darting, or lancinating. Paresthesias were frequent. The hyperesthesia so com- 
monly experienced during the acute phase was so marked that the weight of the bed 
covers was often unbearable. Mental depression and emotional instability were 
not uncommon. As the neuropathy involved the feet, perhaps the most important 
single feature was the loss of sensation resulting in the so-called neuropathic foot. 
In these patients the blood supply is adequate and pulsations are present, but, 
together with the lack of sensation of pain and trophic ulcers, apparently resistance 
to infection was seriously impaired. Thus, in this group 25% of the patients either 
lost toes or a portion of the foot or had an amputation through the supracondylar 
region. 
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Retinitis reached the stage oi retinitis proliferans in 63 patients. Although 
Stephen McKenzie in 1877 made a complete report of a case with autopsy, in 
which the minute aneurysms in the capillaries, the changes in the venules, and 
the association with kidney lesions of diabetes were clearly described, his report 
was forgotten untl the subject was rediscovered by Ballantyne. During those 
intervening years, the retinal lesions of diabetes were regarded as primarily due to 
the associated vascular disease. Today, however, the lesions in the small arterioles, 


the venules, and the capillaries seen in diabetes, even in an early stage and in some 
cases perhaps discernible before clinical evidence of diabetes has appeared, seem 
themselves secondary to the disturbance of the metabolism of diabetes itself. In 


this series the retinal lesions were invariably associated sooner or later with albu- 
minuria and the development of hypertension and final renal failure. It is true that 
in a significant number of patients the retinal lesions were present even before 
severe typical neurologic lesions were present. However, if we accept mild pares- 
thesia or changes in vibratory sense then the neuropathy would be said to have 
preceded even in these cases the lesions in the eyegrounds and kidneys. The striking 
studies of recent years which have made use of the new stains for mucopoly- 
saccharides have shown in these capillary aneurysms of the retina the same staining 
material that is found in the Kimmelstiel-Wilson lesions in the kidneys, although 
the chemical nature of this material is as yet not certain and probably may vary 
from one patient to another. Yet there seems here a red thread which shows the 
unitary pathology of the two conditions. The Kimmelstiel-Wilson lesions of the 
kidneys described in 1936 have been emphasized without sufficient recognition of 
the other features of the diabetic nephropathy. Clinically the progression from the 
stage of edema or slight albuminuria through the period of nephrosis to the stage, 
within two to seven years, of nitrogen retention has in some patients been apparently 
arrested for a considerable period of time, but in general it has impressed all 
observers by its extraordinary malignancy. 


PATHOLOGY 

The cause of death in the fatal cases was preeminently renal failure. Even in 
a few cases in which a terminal event was coronary occlusion with infarction of the 
heart or cerebral hemorrhage the underlying lesion in existence for many months 
prior to the terminal state was the diabetic nephropathy. Actually, uremia itself was 
the cause of death in 18 of the 23 deaths in which autopsy was done. Of 30 deaths 
occurring under the age of 50 years, uremia was the cause of 23. In 21 deaths 
occurring over the age of 50 years, uremia was a cause in 10. In every one of our 
patients studied at autopsy there were typical globular hyaline masses in the renal 
glomeruli in varying numbers, marked arteriosclerosis involving both afferent and 
efferent arterioles, and varying degrees of chronic pyelonephritis and atheromatosis 
of the aorta and the renal and coronary vessels. Similar changes are described by 
Gilliland * in 9 cases of his series, and 11 other cases can be included from the 
literature * which present this typical triopathy. 


TREATMENT OF DIABETES 


In no case in the group can it be said that the patient has had well-controlled 
diabetes. A characteristic history is that of diabetes developing in childhood and 
of careful control so long as the child is under the mother’s direction, with measure- 
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ment of diet and use of insulin daily. Then, however, during adolescence, for 
psychological reasons, the patient ceases to carry out urine testing and, although 
taking his insulin, makes few visits to doctors until after a period of several years, 
when impaired vision, neuropathy, or other severe symptoms bring him under 
medical care. In 75 cases the use of insulin was delayed. Severity of the disease 
and its lack of control were shown by the fact that among 47 patients diabetic coma 


? 


of the severest type occurred 93 times. In Table 3 are listed 11 patients who 
developed severe neuropathy during or immediately after diabetic coma. 


TaBLeE 3.—Neuropathy Following Diabetic Coma 


Age at Onset, Yr. 
eRe A sa eaters. | 
Diabetes 
Mellitus Neuropathy Nature of Neuropathy 


36 Coma, Nov., 1950; polyneuritis, paral- 
yses in arms and legs, facial weak- 
ness 

Acidosis, April, 1947; bilateral facial 
paralyses 

Coma, Dec., 1952; (in 1 week) poly- 
neuritis, severe paresthesias 

Coma, 1954; (14 days later) poly- 
neuritis, muscular paralyses, 
cerebrospinal fluid protein 
280 mg.; 1 yr, for recovery 

Coma, Sept., 1947; (in a few days) 
polyneuritis, diarrhea 

Coma, June, 1930; (in a few days) 
shoulder girdle paralysis; com- 
plete recovery in 8 wk. 

Coma, June, 1952; (in 11 days) poly- 
neuritis, right ankle drop, and left 
wrist drop 

Acidosis, 1954; (5 days later) right 
ankle drop and loss of proprioception 

Coma, 1954; (5 days later) encepha- 
lopathy, 188 mg. protein in cerebro- 
spinal fluid, respirator required 

Coma, 1943; polyneuritis and bladder 
paralysis 

Acidosis, Feb., 1954; bladder paresis, 
gastric dilatation, and severe ab- 
dominal pain 


COMMEN1 

The discussion of the pathogenesis of the malignant triopathy may well begin 
with the background of the diabetes itself. Diabetes mellitus is hereditary in the 
sense that the tendency to the development of diabetes is inherited and may be 
manifested in an early period in life or may remain latent until the stress of excessive 
overweight, infection, or local damage, as in hemochromatosis, brings it forth. 
Diabetes mellitus is believed to be inherited as a recessive gene. The hypothesis 
that such an inheritance carries with it a special vulnerability of the central nervous 
system and the vascular system is speculative but is gaining support from many 
studies. Although the hereditary genes may be altered, a second factor may well 
be of equal importance, namely, the influence of the maternal environment in utero. 
In recent years, the influence of this period in the life of the embryo has been more 
and more emphasized since the frequency of unusually large babies and the later 
development of maternal diabetes has been studied. Jackson,’ as a result of studying 
the incidence of large babies with diabetic or prediabetic fathers, concluded that 
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the tendency to produce large babies is partly an inherited characteristic combined 
with a tendency to diabetes passed on by the male as well as the female and partly 
an effect of maternal internal environment. The excessive fetal loss in the group 
of prediabetic mothers must, in his opinion, be mediated by special maternal factors. 


Hoet ® points out that, following Hench’s observation of the decrease of the clinical 
symptoms of rheumatoid polyarthritis during pregnancy, biochemical studies have 
demonstrated the hypersecretion of glucocorticoids during the second trimester of 
pregnancy. The hyperglycemic effect from the increased secretion of glucocorticoids 
contributes to a disequilibrium of carbohydrate metabolism in pregnancy. A pre- 
diabetic state results, which may later result in true diabetes. The appearance of 
the large babies is characterized by obesity and flushed faces, similar to that seen 
in patients with Cushing’s syndrome. Since this report, Hoet has demonstrated 
an increase in the corticoid content of the amniotic fluid of diabetic mothers. It is 
of interest that Hicks’ found that in experimental animals neuroblasts and the 
neonatal neuron of the cortex of the fetus show severe necrosis under the influence 
of cortisone given, to be sure, in relatively large dosage. Here is an intriguing 
possibility in explaining preclinical neuropathy. 

The fetus of a diabetic mother often shows hyperplasia of the islands of Langer- 
hans (Hoet and Warren and LeCompte t). Energetic treatment of the mother with 
insulin when this prediabetic state is recognized in the fourth or fifth month of 
pregnancy may even check and prevent the diabetes of the mother, according to 
Hoet’s data. The response of the mother’s pancreas to the strain of pregnancy may 
itself be due to an inherited plasma defect. However, the influence of the gland is 
the second factor of importance in the pathogenesis, and it may not be felt for months 
or years thereafter. 

Long before the ordinary clinical evidences of diabetes are present, the patient 
may be in a preclinical stage in which manifestations of the defective state may 
present themselves. Formerly such tests as the glucose-tolerance test were regarded 
as laboratory procedures. Today increasing experience and common usage make it 
reasonable to define the clinical phase of diabetes as that phase when either the 
symptomatology, such as loss of weight, polyuria, polydypsia, and ketosis, or 
chemical evidences, such as persistently and permanently abnormal glucose-tolerance 
tests, have appeared. In the preclinical phase of diabetes may be found occasionally 
disturbances in those systems in which the diabetic heredity is associated with 
special vulnerability. These are the features of the preclinical phase : 

I. Neural, such as impaired vibratory sense 
II. Vascular, illustrated by occasional cases of retinitis or changes in the capillaries of the 
conjunctiva recorded by Ditzel and Sagild 8 
III. Metabolic, including premature obesity of the children of diabetic mothers,® alterations 


in carbohydrate metabolism and in glucose-tolerance tests during pregnancy, and the large 
babies of mothers who are destined to show clinical diabetes a few years later 


The third factor in the development of the features of the triopathy may be those 
changes, metabolic in nature, which follow the development of clinical diabetes. 
Once this state has been reached, the disturbance in endocrine balance may affect 
not only the pancreas but other endocrine glands. The inherited vulnerability of 


~ Warren, S., and LeCompte, P., in Joslin and others. 
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the centrai nervous system, the vascular system, the eyes, and the kidneys in this 
group of patients may result in a reaction to imperfect control to a degree entirely 
different from that of patients with less well marked and less definite pathologic 
inheritance. The control of the diabetes may then become of prime importance. At 
present we cannot define “control of diabetes” in accurate biologic or biochemical 
terms, but clinical control is a generally accepted objective. In a strict sense, the 
control of the diabetes should produce a complete reversion of the condition and 
maintenance of chemical and metabolic elements in a strictly physiological balance. 
Control would, therefore, mean the maintenance of the same status as existed before 
any clinical diabetes occurred. Although such perfect control for a lifetime is a 
practical impossibility at the present time, our hopes for the future must rest first 
on controlling genetic factors, through better selection in marraige. However, it has 
been estimated that in the United States one person in four carries the recessive 
diabetic gene.’° 

Methods for the earlier recognition of the prediabetic state are needed. Treat- 
ment of the preclinical phase of diabetes, with the possible exception of the diabetic 
state during pregnancy, is not yet established. No one has yet proved that the use 
of insulin in this stage will arrest or prevent the development of diabetes. Measures 
aimed at reduction of excessive weight, the maintenance of physiological amounts 
of muscular exercise, and the use of a diet adequate in protein, calories, minerals, 
and vitamins seem worthy of emphasis. 

It has been held by some authors * that the neurovascular components of diabetes 
are not the result of the diabetic state but merely accompany it. Until the true 
nature of diabetes is completely understood, final conclusion is impossible. How- 
ever, the facts observed in the follow-up of diabetes with onset during childhood 
and youth (when no preexisting vascular or hypertensive disease complicates the 
picture) leaves no doubt that, once this clinical phase is established, the severity 
and duration of diabetes are followed by early and severe vascular and neural 
sequelae, which are in turn causally related to the character of treatment.§ 

Diagnosis and treatment of diabetes in its early stages with the early use of 
insulin is of basic importance. Once the sequelae have made their appearance, then 
treatment will yield results which vary with the stage of the condition. If the 
neuropathy is recognized early, the syndrome of pain in the legs, hyperesthesia, 
muscular weakness, and atrophy can be brought to an end at periods which may 
vary from a few weeks to one or more years. This treatment consists basically of 
bringing the diabetes under control with diet and insulin. The use of a diet con- 
taining from 90 to 120 gm. of protein and roughly 1,800 to 2,000 calories is started. 
One difficulty is that during the acute phase of a severe neuropathy the appetite 
is seriously disturbed. Treatment of the Charcot foot is notoriously unsatisfactory. 
Treatment of the nocturnal diarrhea with incontinence is usually successful with 
the use of liver injections and adequate control. Diarrhea, however, may recur. 
Spontaneous remissions do occur. Treatment of retinitis proliferans is unsatisfactory. 
However, a follow-up of a series of some 450 cases of retinitis proliferans showed 
a considerable group of patients, notably those 40 years and over, in whom retinitis 
proliferans remained stationary before serious loss of vision occurred for as long 


§ References 11-14. 
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as 5 to 15 years. In contrast to this group, however, it must be admitted that in 
the majority of patients with retinitis proliferans the condition progresses to serious 
loss of vision, nearly complete blindness, and, in a few cases, loss of one or both 
eyes from hemorrhagic glaucoma. Treatment of nephropathy presents a somewhat 
similar variable picture. During the nephrotic stage, when edema and elevation of 
the plasma lipids, including cholesteroi and lipoproteins, are present without nitrogen 
retention, treatment by diuretics, rest in bed, salt restriction, and, sometimes, the 
cautious use of plasma transfusions will relieve the symptoms. Once, however, the 
stage of nitrogen retention has been reached, with elevation of blood pressure and 
retinitis, treatment to prevent further progression is symptomatic only. 


PREVENTION 
Recent experience again emphasizes the incidence of vascular sequelae in cases 
without dietary restriction. Engleson '® reports from Sweden upon a series of 217 


TaB.£ 4.—Retinitis in 189 Patients with Diabetes of Twenty to Twenty-Nine Years’ Duration 


Degree of Retinitis 


Degree of “i None, Slight, Moderate, Marked, Extreme, - 
Control Cases,No. %of Cases %ofCases %of Cases % of Cases % of Cases 
45 31 20 4 0 
34 18 37 2 
16 17 31 19 


TaBLeE 5.—Nephropathy in 451 Patients 


with Diabetes of Ten to Thirty-Four Years’ Duration 


Nephropathy, 
Degree of Control Cases, No. % of Cases 


Excellent 


Poor (medical advice neglected) 


adult and 42 juvenile diabetics treated on a free diet. Of the patients who had had 
diabetes for more than 10 years, only seven were free of vascular complications. In 
those patients in whom diabetes had occurred before the age of 40 years, the 
following complications were noted: (1) nephropathy in 65%, (2) retinopathy 
in 60%, and (3) hypertension in 65%. He concluded that dietary restrictions 
should be observed in the management of diabetes, especially as a prophylactic 
measure against long-term sequelae. 

During the last five years at the Joslin Clinic we have studied 451 patients with 
diabetes beginning in childhood or before the age of 25 years. In this series, the 
duration of diabetes has been in no case less than 10 years and has varied from 
10 years to 34 years. Among 32 patients in this group who had maintained excellent 
or good control || for 20 or more years none had severe retinopathy and only 1 had 
Grade III changes. In the total series of 451 patients the relation to the degree of 
control and the frequency of the nephropathy is shown in Table 4. It will be seen 
that in 11 patients with excellent control nephropathy did not occur in a single case. 


ee 


|| For criteria of control, see Table 6. 
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Among 50 cases, the incidence of nephropathy was 2%, which means exactly 1 
patient. This patient happened also to have hereditary familial hypercholesteremia 
and perhaps should not be included in this group. It will be seen, however, that 


TABLE 6.—Criteria of Diabetic Control 


Excellent Control 


1. The patient must never have been in coma. 
2, Insulin administration must have been started within a few weeks of onset of diabetes. 


3. Urine tests for sugar must have been made more than once daily ever since onset of 
diabetes, with a conscientious attempt to have the urine sugar free or nearly so before 
meals, and with insulin dosage adjustments determined by the results of urine tests. 


4. The diet must have been weighed at least 80% of the time since the onset of symptoms 
of diabetes. 


5. Regular physical examination and laboratory tests by a physician must have been 
faithfully completed at least once annually, and blood and urine tests must have been 
satisfactory. 


Good Control 
1. The patient must have never been in coma, except in instances in which the initial 
diagnosis of diabetes was made while the patient was in coma. 
2. Insulin administration must have been started within a few weeks after onset of 
diabetes. 


3. Urine tests for sugar must have been made at least once daily ever since onset of 
diabetes, with a conscientious attempt to have the urine sugar free or nearly so before 
meals, and with insulin dosage adjustments made according to results of urine tests. 


4. Diet must have been weighed for the first six weeks of treatment and thereafter at 
intervals, with careful measurement of food at all other times since onset of diabetes. 


5. Regular physical examination and laboratory tests by a physician must have been 
done at least once annually, and blood and urine tests must have been satisfactory. 


Fair Control 


1. The patient must never have been in coma, except for cases in which the diagnosis 
was made with the patient in coma, or in rare cases in which an unavoidable overwhelming 
infection or other complication precipitated coma. 


2. Insulin administration must have been started within 24 months of onset of diabetes. 


3. Tests of the urine for sugar must have been made one or more times weekly in an 
attempt to have sugar-free urine tests. 


4. Dietary management by the patient must have been conscientiously attempted, 
although food was not weighed or measured, and the patient must have rarely, if ever, 
indulged in gross dietary indiscretions. 


5. Satisfactory blood sugar determinations must have been made at the time of physical 
examinations by the patient’s physician at least once every two years. 


Poor Control 


1. Avoidable coma occurred one or more times. 
2. Insulin administration was not started until more than 24 months after onset of 


diabetes, and, in some cases, insulin was taken irregularly. 
8. Urine specimens were tested infrequently or at intervals of months or years. 


4. No measurement or weighing of food in relation to urine tests or insulin dosage 
was done. 


5. The patient had no regular examinations by a physician, and office or hospital exam- 
inations done at long intervals showed severe glycosuria and hyperglycemia. 


in those patients with fair and poor control the incidence of nephropathy was high. 
The frequency of the lesions of the triopathy, notably retinopathy and nephropathy, 
is significantly less in patients who have maintained excellent or good control 
of diabetes. 
SUMMARY 

A triopathy, consisting of the sequence of neuropathy, retinopathy, and nephrop- 

athy, in 155 diabetic patients is presented. 
Hereditary, maternal, and clinical etiologic factors are discussed. 
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Until more exact information regarding the basic biologic defects causing these 
diabetic sequelae is available, early and continuous attempts at control of diabetes 
by clinical methods are necessary if the lesions of the triopathy are to be prevented 


or postponed. 
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ose mama nodosa, which was first reported in medical literature more 
than 100 years ago, continues to be a most interesting and perplexing problem. 
To date, the etiology, pathology, and treatment remain controversial. The lesions 
have been “histologically healed,” and yet the patients have died owing to fibrosis 
and scarring which sacrifice the needed blood supply to vital organs.* 

Polyarteritis nodosa was first described as a specific disease entity by von 
Rokitansky, in 1852. This German scientist reported the clinical and autopsy find- 
ings of three cases of his new disease of blood vessels.* Virchow’s ‘Cellular 
Pathology” of 1863 included a similar pathological process, which he named 
“endoarteritis deformans.” * But the truly classic treatise was written by Kussmaul 
and Maier, in 1866, in which they reported the histological picture of the disease.° 

“Kussmaul-Maier disease” is a progressive, recurrent, necrotizing, inflammatory 
panarteritis, affecting chiefly small and medium-sized arteries and reflected by 
symptoms of systemic infection, with regional symptoms depending on the specific 
organs involved. Ferrari’s name, “polyarteritis nodosa,” more clearly illustrates 
the true pathological process which occurs, the disease affecting a number of vessels 
and not being confined to the adventitia, as “periarteritis” implies. 

Polyarteritis nodosa is a relatively rare disease; however, it has been more 
frequently diagnosed and reported in the past 15 years. Until 1935 the diagnosis 
was almost always made from autopsy specimens. Today it is frequently a clinical 
diagnosis, proved with histological study of biopsy tissues. In 1939, only 101 
acceptable cases had been reported in the English literature.? By 1945, there were 
300 cases on record, and today probably more than 750 cases have been recognized. 
The seemingly more frequent occurrence of the disease is no doubt attributable to 
increased knowledge and study of the pathological processes of polyarteritis in 
conjunction with more complete and thorough clinical and postmortem examinations 
today. Some authors believe that the disease is actually commoner but that it has 
been missed by lack of careful postmortem histological study. The dramatic terminal 
failure of the cardiac, pulmonary, and renal systems frequently may draw erroneous 
attention to these areas as the cause of the illness and death, without the underlying 


panarteritis being appreciated. 


+ Dr. Nuzum Sr., Physician and Surgeon, Augustana Hospital, Chicago, died June 14, 1953. 
* References 1 and 2. 
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The purpose oi this study is to review the more recent literature, to analyze the 
clinical and pathological findings of 175 reported cases, and to present a “typical” 
case of polyarteritis nodosa. 

INCIDENCE 

This disease has been reported among all age groups, ranging from 10 days to 
77 years.© The average age in this series was 41.5 years. The fourth and fifth 
decades were most commonly afflicted, although the disease is not uncommon in 
young adults. It occurs predominantly in males, in a ratio of 4:1. Both whites and 
Negroes are susceptible, with the reported cases of this series including 75% 
Caucasians. In several smaller series, the occupational representation was not 
significant, except perhaps for a relatively frequent occurrence (5 to 10%) among 
physicians. The duration of symptoms of patients with polyarteritis varies from a 
few months to several years, depending on the severity and localization of the 
disease. Wold and Barker reported that 87% of their 30 cases survived less than 
one year after the onset of their first symptoms.? 


TABLE 1.—I/ncidental Factors as Obtained From Case Reports (175 Cases) 


Allergie 
Family 
History History 

o or 
Av. Previous Definite 
Age, - “~ ~~ co Drug Bronchial 
XE. N Therapy Asthma 


“Typical” case reported.......... ig Re a + 
Harris and Lynch (1989) 5 26 P oh NR 
Straight (1948) é 6 ) 4 
Wold and Barker (1949) é ‘ 2 a 11 
Griffith (1951) é NR 
Miscellaneous (1948-1953) y f 12 
Total cases reported............ + 1% 43 37 


Total, % A. s 75 2: 47 


* NR, not reported. 
ETIOLOGY 

The definite etiology of polyarteritis is unproved. A significant number of care- 
fully analyzed case histories note recent drug or serum therapy prior to the onset 
of the first vague symptoms of the disease. Twenty-seven instances in 57 cases 
here reported were thus mentioned. Sulfonamides,f serums and vaccines,t dipheny]- 
hydantoin (Dilantin),’* iodine,’® thiouracil,“® and many other drugs have been 
indicated as possible causative agents. In the sulfonamide era, when many diseases 
suggesting inflammatory processes were treated with the new antibiotic, several 
authors first theorized that polyarteritis was a severe form of vascular hyper- 
sensitivity. 

The very widespread character of the lesions favors this view. Twenty-five per 
cent of the patients in this series had bronchial asthma, a history of bronchial asthma, 
or a family history of allergy. Rich and other investigators have produced polyarteritis 
in animals with drugs.'* Bahrman has also produced the disease with repeated large 


+ References 10 and 11. 
+ References 12 and 13. 
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doses of histamine.** The general nature and character of the disease with recently 
reported responses to corticotropin (ACTH) and cortisone give added support to 
the theory of hypersensitivity. 


Eppinger thought that the aneurysms, which occasionally but not always char- 


acterize the histological findings, were due to a congenital failure in the arterial 
development.?® Through the years, syphilis, rheumatic fever, and bacterial etiologies 
have gained temporary support, but investigation of a large number of cases 
considerably weakens these theories.2? The pathological changes of polyarteritis 
are in marked contrast to those of syphilis and rheumatic fever.’ However, the 
similarities between polyarteritis and other collagen diseases such as lupus erythem- 
atosus, dermatomyositis, and scleroderma have been described by many observers.** 
In some cases the final differential diagnosis is narrowed to this group of collagen 
diseases. 

The occasional occurrence of polyarteritis in young children with an acute 
fulminating onset and course lends little strength to classifying it as a degenerative 
disease. Also, there seems to be no justification for a filterable-virus etiology, 
although this has not been disproved.** 

Some investigators, notably Smith and Zeek, believe that hypertension is the 
cause of polyarteritis.** In their extensive experimental work, they have produced 
the typical lesions with rapidly produced hypertension.** However, 46% of the 
cases in this series did not have any hypertension. It is a late development in many 
other cases, after the lesions are no doubt far advanced in the kidneys and heart. 
Hypertension actually is only a physical finding, often reflecting vascular and 
renal disease. 

Selye has obtained lesions of polyarteritis in unilateral nephrectomized animals 
given salt solution with injections of desoxycorticosterone or after exposure to 
severe stress, such as cold, infection, and toxic substances. He theorizes that severe 
stress causes the pituitary gland to release adrenotropic hormone, which acts on the 
adrenal cortex, causing the output of corticoids, which stimulate protein breakdown 
and cause polyarteritis. His group considers it a “disease of adaptation.” *° 

At the present time, the etiology of this disease is still unsolved. Sensitivity to 
numerous antigens may be an important factor. Further investigations in the field 
of hormonal and histochemical cell changes may uncover the true causal factors in 
the near future. 

PATHOLOGY 


Arkin described the pathological lesions in four stages: (1) the stage of hyalin 
degeneration of the media of the blood vessels; (2) the stage of acute necrotizing 
inflammation, in which the vascular coats are infiltrated with polymorphonuclear 
leucocytes, eosinophiles, lymphocytes, and plasma cells; (3) the stage of granulation 
and fibroblastic proliferation, with partial or total occlusion of the vessel lumen, and 
(4) the stage of proliferation and healing, with the lumen partially or completely 
obliterated and the wall replaced by scar tissue and fibrosis.?¢ 

This process involves segments of various vessels. All vessels are not involved 
to a similar degree. Gross examination at autopsy may reveal no abnormality or 
may show necrosis, infarction, degeneration, or healing in various organs where 
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the arterial supply is extensively damaged. In some instances there may be 
aneurysmal dilation with grossly palpable nodules along the course of the vessel. 
Microscopic examination is necessary for diagnosis and often shows vessels in all 
four stages. 

Zeek classifies the “necrotizing angiitides” into five specific groups: hyper- 
sensitivity angiitis, allergic granulomatous angiitis, rheumatic arteritis, periarteritis 


TABLE 2.—Classification of Necrotizing Angtitides* 


Duration 
of Terminal 
Illness Re- Other 
Associated lated to Caliber of Sites of Pre- Special Frequently 
Types of Clinical Vascular Vessels dilection and Features Associated Healed 


Lesions Conditions Lesion Involved Destruction of Lesions Lesions Stage 


Hypersensi- Hypersensi- Few daysto  Arterioles, Widespread; kid- All of about Interstitial Uncertain; 
tivity tiveness to few weeks, venules, neys and heart; same age; inflammation no chronic 
angiitis serum, sul- usually less capillaries, oftenin pulmonary exudative in viscera; or healed 
fonamides, than 1 mo. and small vessels and splenic reaction necrotizing stages recog- 
drugs, etc. arteries follicular arterioles; glomerulo- nized 
uncommon in pan- nephritis 
creas and G. I. tract 
Periarteritis Polyneuritis, Several Small and Bifureations and Various Sequelae of Marked dis- 
nodosa fever, ‘‘mul- months to medium-sized branchings: com- ages; pro- hypertension torsion of 
tiple systems a yearor muscular moninwallofG.I. liferation and vascular vessels; scars 
disease,” more type arteries tract, near mesen- precedes exu- obstruction sweeping 
usually with nearhilums _ teric attachment, dation in through seg- 
hypertension of viscera, in pancreas and adventitia: ments of wall 
in striated kidneys; often forms granu- with fecal 
muscles and widespread; usually lation tissue rupture of 
peripheral absent in pulmonary and prone to media; 
nerves vessels and splenic form small aneurysms 
follicular arteries aneurysms 


* The classification in this Table is that of Zeek.?7 


TABLE 3.—Organ Involvement with Polyarteritis from Autopsy Reports from the Literature 
g i 4 
(175 Cases) 





Organs Involved at Autopsy, % of Cases 


Skeletal 
Muscle 
Pancreas 
Peripheral 
Nerves 


“Typical” case presented 
Arkin (1930) 

Harris and Lynch (1939) 
Straight (1948) 

Rose (1948) 

Selzer (1948) . 

Griffith (1951) 
Miscellaneous (1948-1953) 
Total % of all cases.. 


& &3+ Heart 
~ g s » Cases 


~ 
a 


- 
aR 


* NR, not reported. 
nodosa, and temporal arteritis.2” She differentiates between the lesions of peri- 
arteritis and those produced by hypersensitivity to drugs such as sulfonamides and 
foreign proteins, in type, in distribution of lesions, and perhaps in response to 
treatment with cortisone and corticotropin. Her differentiation is seen in Table 2. 
In the case to be discussed in this article, as in many cases reviewed in the series 
from the literature, this differentiation does not seem justified. The onset of symp- 
toms in a number of these cases closely followed drug or serum therapy, suggesting 
initially a serum reaction. At autopsy, several months or a year later, the lesions were 
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widespread, occurring in the pancreas and gastrointestinal tract in addition to the 
lungs and spleen. In almost all cases these lesions were in varying stages, including 
scarring and fibrosis. Hypertension was present in only about 50% of the cases. 

We believe that this classification is merely dividing the acute fulminating cases of 
polyarteritis, which go on to autopsy in a few days or weeks (without sufficient 
time for healing or scarring to occur), from the more chronic cases, in which the 
initial response is not as severe and the process is more progressive, with clinical 
remissions followed by recurrent activity. The time element could also explain the 
more generalized organ involvement in the longer cases. 

In the analysis of 175 documented cases from the literature, all containing both 
clinical and autopsy reports, the kidney, heart, and liver were the most frequently 
affected organs (Table 3). Almost every organ of the body was attacked in many 
cases. Some autopsies report lesions confined to only one or two organs, but this 
usually occurred in the acute, severe, and rapidly consummated cases. Kipkie and 
Johnson report an interesting case of an 1l-year-old boy with congenital heart 
disease of the Eisenmenger type, who had an acute fulminating illness of only five 
weeks’ duration following sulfonamide therapy. At autopsy, the lesions of poly- 
arteritis were confined to the pulmonary arteries.** 

It is possible that a higher incidence of involvement of the peripheral nerves, 
skin, and mesenteric vessels than is indicated by this study might be found if more 
sections and microscopical studies were done in all cases. 


CLINICAL SIGNS AND SYMPTOMS 


Very few diseases yet described in medicine have protean manifestations 


comparable to polyarteritis nodosa. The signs and symptoms are as varied as are 
the involved organs at autopsy. In most cases polyarteritis presents as a cachectic 
disease with the early symptoms of low-grade fever, malaise, anorexia, and more 
specific symptoms relative to the organs involved. French authors describe poly- 
arteritis as a “painful disease,” and this is borne out by this review, but the pain 
is often a late symptom and is referred to the chest, abdomen, and/or muscles and 
periarticular areas.*° 

Low-grade fever occurred in 81% of the cases. Frank chills are rarely described, 
except as a late symptom in cases of terminal pneumonitis. Tachycardia usually 
accompanies the fever.*® Weakness, malaise, and anorexia with subsequent weight 
loss (46%) are common (Table 4). 

Gastrointestinal symptoms occurred in 62% of these cases, consistent with the 
frequent involvement of the viscera at autopsy. Abdominal pain, nausea, vomiting, 
and gaseous distention are frequently reported. In three cases the abdominal pain 
presented as an acute cholecystitis, and on two occasions the pathological study of 
the removed gall bladder established the diagnosis.§ This has also occurred after 
appendectomy.*® Involvement of mesenteric arteries, which occurred in 25% oi 
the cases, may result in thrombosis and infarction of the bowel. Ulceration of the 
gastrointestinal tract is commonly found at autopsy, with microscopical lesions 
throughout the adjacent area.** Hemorrhagic infarction of the pancreas due to 
thrombosis and chronic pancreatitis has also been observed.|| 


§ References 21 and 29. 
|| References 32 and 33. 
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Liver involvement is very common. Clinically, this is reflected by hepatomegaly, 
jaundice, and altered blood chemistry.*® Pass found polyarteritis to be the commonest 
cause of hepatic infarction.** 

Cardiac symptoms were present in 55% of the cases, as compared with micro- 
scopic involvement of the heart in 76% of the autopsies. Congestive heart failure is 
a common terminal event. Griffith and Vural, in their study of 17 cases, found no 
consistent correlation between the clinical findings of the cardiovascular system and 
the specific pathological changes in the organs, although both were frequently 
observed.*® Electrocardiographic changes were present in 64% of 28 recorded cases, 
but these changes were not specific. Interpretations included myocardial ischemia 
and scarring, arrhythmias, heart strain, heart blocks, and other patterns. 

Peripheral neuritis, articular or periarticular pain, muscle weakness, myalgia, 
and joint swelling occurred in 54% of the cases, frequently as an early symptom. 


TABLE 4.—Symptoms and Signs Occurring in Polyarteritis Nodosa (175 Cases) 


Symptoms and Signs, No. of Cases 


_ = SS ee —e 


Anes- 
r Mus- 


Hypertension (B. P. 
hiae 


- Over 150 
taneous Nodules 


Cases, No. 
Cardiac 
Symptomst 
Peripheral 
Neuritist 
Paresthesia, 
th ’ 
cular Atrophy 
Pneumonitis 

~ (by X-Ray) 
Palpable Subcu- 
Uremia 
(Clinically) 


. Pe 
+ and/or Rash 


+ G.I. Symptoms* 


+ 
of 


“Typical” case 

Harris and Lynch (1939)..... 
Straight (1948) 

Wold and Barker (1949)......... 
Griffith (1951) 

Miscellaneous (1948-1953) 

Total cases reported 

Total, % 
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* Abdominal pain, vomiting, ete. 

+ Edema, cardiac failure, ete. 

t Peripheral neuritis and/or muscular weakness. 

§ Cough, dyspnea, ete. 

| NR, not reported. 
Lowman, after careful study of these manifestations in polyarteritis, reports a 70% 
incidence. He states that “the pain becomes worse with activity, improves with rest, 
and differs clinically from fibrositis. Synovitis is infrequent. Muscle tenderness and 
arthralgia are commonly the prodromata of a more ominous peripheral neurop- 
athy.”*> Involvement of the nutrient arteries of the peripheral nerves with result- 
ing ischemia produces the neuritis. Symptoms of paresthesia, anesthesia, and, later, 
muscular atrophy from disuse were present in 35% of the cases. The paresthesias 
may undergo remissions, with temporary improvement in circulation, but often 
progress with resultant foot and wrist drop and marked muscular atrophy. 

Pulmonary symptoms were reported in 47% of the cases, as cough, dyspnea, 
chest pain, or asthma, unrelated to clinical cardiac findings. Pneumonitis, either as a 
result of the weakened general condition and anemia or as a terminal event, was 
proved by x-ray in 39% of 44 cases. 

Hypertension (blood pressure recordings over 150/90) was reported at some 
time in the illness of 54% of 175 cases. As noted previously, some authors believe 


hypertension is an etiological factor **; however, this is untenable when the many 
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cases are reviewed which have no history of hypertension until terminal stages of 
the disease or none at any time. The marked renal (glomerulonephritis), cardiac, 
and sometimes pulmonary damage which occurs in three-fourths of the cases is 
undoubtedly associated with the coexisting hypertension in half of the cdses. Wilens 
and Glynn concluded, after a review of this finding in 94 cases of polyarteritis, that 
there is little reason to believe that the hypertensive and nonhypertensive groups 
represent two distinct disease entities.** At times it becomes difficult to differentiate 
polyarteritis from malignant hypertension. The retina may show central artery 
thrombosis, albuminuric retinitis, and occasionally “cotton wool patches” surrounding 
the macula.{ 

Purpura, neurodermatitis, hemorrhagic types of erythema, and chronic dermatitis 
with ulceration were found in 35% of the cases. These lesions often result from 
partial or complete thrombosis of cutaneous arteries. These are common over 
distal surfaces of fingers and toes and over joints and areas with symptoms of 
concomitant paresthesia, hyperesthesia, and anesthesia.*® 


TaBLeE 5.—Laboratory Findings in Polyarteritis Nodosa (175 Cases) 


Elevated 
Sedimen- 
Cases, tation Leuco- Albumi- Eosino- ECG 
No. Rate eytosis nuria Anemia* philiat Changes 
“Typical” case presented oe ot 0 oe 
Harris and Lynch (1939) NR} 70 35 19 NR 
Straight (1948) 5 3 5 4 2 
Wold and Barker (1949)........ ) 13 24 f NR 
Griffith (1951) 6 13 10 
Miscellaneous (1948-1953) ‘ 18 3 6 
Total cases reported.............. 43 174 75 ‘ é 28 
Total, % 0 98 74 f 64 


* Red blood cells less than 3,500,000 and hemoglobin less than 10 gm. 
t More than 6% eosinophiles in differential count. 
1 NR, not reported. 


Palpable subcutaneous nodules were found in only 16% of the patients. These 
may be located over the course of a large artery, such as the brachial, or they may 
be single nodules located over subcutaneous vessels. The nodules provide the 
examiner an excellent opportunity to obtain a positive biopsy and establish the 
diagnosis. Unfortunately, however, the percentage of patients presenting this 
finding is low.® 

The clinical diagnosis of uremia was made in 26% of the cases, being a common 
terminal event. 

LABORATORY FINDINGS 

The laboratory findings are equally as bizarre as are the signs and symptoms, 

again reflecting multiple sites of extensive disease in most cases (Table 5). 


Ninety-eight per cent of this series had elevated sedimentation rates, usually 
ranging above 40 mm. in one hour by the Westergren method.® Leucocytosis was 
reported in three-fourths of the patients on admission, the average leucocyte count 
being between 10,000 and 25,000. Toxic cellular changes and a shift to the left are 
often observed. Eosinophilia (based on 6% or more eosinophiles in the differential 


{ References 37 and 38. 


948 





POLYARTERITIS NODOSA 


white blood cell count) was present in only 19%, a much lower figure than was 
formerly reported.*° Albuminuria was very common, occurring in 71% and reflecting 
the renal damage observed in postmortem study of 85% of the kidneys. Anemia was 
present in slightly over one-half of the cases on admission and undoubtedly is almost 
uniformly present in later stages of the disease. 

Many cases show a reversal of the albumin-globulin ratio and a low total serum 
protein, although this was not reviewed in this series.*° Other tests may reveal 
hematuria (grossly or microscopically ), icterus, and other regional damage, depend- 
ing on the involvement in specific cases. 


DIAGNOSIS 


The antemortem diagnosis of polyarteritis nodosa was rarely, if ever, accom- 
plished before 1940.° Since then, numerous reported cases and much extensive study 
of the clinical and pathological changes have enabled physicians to “think of the 
disease” and frequently establish the diagnosis prior to autopsy. Of 57 cases in this 
series since 1948, a correct antemortem diagnosis was made in 20 (35%). 


TABLE 6.—Percentage of Cases Clinically Diagnosed and Incidence of Positive Biopsy Reports 
in Polyarteritis Nodosa 


Cases 
Correctly 
Diagnosed Biopsies, No. 
Before cr “~ 
Autopsy Performed Positive 





RSPICAL” CHES HYOBONCEG. «<0. 686i 6s ce cecess ‘ + 0 
Harris and Lynch (1989)..................+. ‘ NR* NR 
Straight (1948) } 3 3 
Wold and Barker (1949)...................5. ll ll 
Griffith (1951) NR NR 
Miscellaneous (1948-1953) ase 6 12 
PGCE CANES TODOTOO. «oc csc ccccscccesecesasee ; 57 26 
Total, % : 35 46 


*NR, not reported. 


Polyarteritis can be established definitely only by obtaining a biopsy showing 
the characteristic lesions. Subcutaneous nodules and skeletal muscles (to which 
symptoms are referred) offer the most accurate sites for obtaining positive biopsies. 
Twenty-six biopsies were performed in this series, and 10 showed the lesions 
(Table 6). Several authors have followed the course of attempted therapy by 
repeated biopsies. A negative biopsy, of course, does not rule out the condition. 

The differential diagnosis is difficult, as the examiner’s attention is often directed 
to the regional signs or symptoms which present initially. Glomerulonephritis and 
malignant nephrosclerosis are perhaps the most frequent erroneous diagnoses. This 
is readily explained by the high incidence of kidney lesions, with the frequent occur- 
rence of albuminuria and hypertension. Other diseases, such as polyneuritis, enceph- 
alitis, cardiac decompensation, cerebrovascular accidents, pneumonia, hepatitis, 
meningitis, and duodenal ulcer, are listed as the physician attempts to explain 
localized symptoms. As the disease progresses, miliary tuberculosis, “Loffler’s syn- 
drome,” septicemia, lupus erythematosus, trichiniasis,‘! dermatomyositis, rheumatic 
fever, and serum sickness are frequently misdiagnosed. The problem naturally 
becomes more difficult when a superimposed pneumonitis, bleeding ulcer, or acute 
cholecystitis develops, all of which can and do occur as part of the disease. 
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Polyarteritis must be suspected and ruled out when it is difficult to explain the 
symptoms by any single diagnosis. “Thinking of the disease” should improve the 
diagnostic rate. 

PROGNOSIS 

The prognosis of polyarteritis is very poor. Complete recoveries are rare, and 
the mortality rate is estimated at 95% or higher among patients of all ages. The 
clinical picture of the disease is known to undergo remissions for short periods of 
time, although the lesions no doubt steadily progress. 

Recent reports indicate that therapy with corticotropin and cortisone may 
improve the present-day bleak prognosis.# Cures have been reported, although in 
most instances a sufficient follow-up period had not elapsed to determine the long- 
term prognosis. Infrequently, cases with spontaneous recovery have been reported. 
Klein states that this may occur if the disease is confined predominantly to nonvital 
structures, with minimal involvement and localization of the disease to a single part 
of the organ. But such instances would be considered focal arteritis (such as 
temporal arteritis) rather than true polyarteritis nodosa.** 


TREATMENT 


In the past treatment has usually consisted of symptomatic regional therapy, 
including small repeated blood transfusions, antihistamines, high-calorie diet, vita- 
mins, and subjective pain relief. Now with an increasing accuracy in diagnosis, 
recent reports with cortisone and corticotropin are encouraging.** Sulfonamide 
therapy is definitely contraindicated. 

The pathological lesions have been reported as all “healed” in several cases 
following continual hormonal therapy, but the patients have died, owing to exten- 
sive damage and decreased blood supply to the vital organs. Baggenstoss and 
his group report two such cases, using the term “healed” in a histological sense to 
indicate complete disappearance of all signs of active inflammation and not in the 
sense of restoration of preexisting structure and function.’ They observed the 
following clinical phenomena after cortisone therapy: (a) prompt subjective relief, 
(b) subsidence of fever in 24 to 72 hours, (c) a gradual decrease in sedimentation 
rates to normal or near-normal levels, (d) partial relapse after cortisone therapy 
was discontinued, and (e) improvement after administration of cortisone was 
resumed. Their patients received 3.6 and 13.7 gm. of cortisone in two-and-one- 
half-month and five-month periods, respectively.1. Subsequent partial atrophy of 
the adrenal glands, consistent with other reported cases, also occurred. 

Dent reports the apparent recovery of a 9-year-old boy, two years after a 
55-day period of cortisone treatment, with biopsy substantiation of the diagnosis.** 

Sutherland treated a case successfully with histamine azoprotein and diphen- 
hydramine (Benadryl) and reports an apparent cure two years later.*® 

In the present-day absence of any proved curative agent, these and other reports 


with use of cortisone and corticotropin provide some hope. Similar “success” has 
been noted in other diffuse collagen diseases, with which polyarteritis is often asso- 
ciated. The theory that early diagnosis followed by the institution of hormonal 
therapy may effect histological healing before the lesions have become generalized 
is encouraging and increases the responsibility for early recognition of the disease. 


# References 1 and 2. 
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REPORT OF A CASE 


The following case history is presented because it represents a rather “typical” 
clinical progression of this “atypical disease.” 


A 63-year-old white male physician, with previous history of bronchial asthma at age of 12, 
bronchopneumonia at age of 48, right inguinal herniorrhaphy at age of 60, and duodenal ulcer 
healed with medical treatment, received an “influenzal vaccination” on Jan. 28, 1953, for the 
third consecutive year. Three days later, he developed multiple aching joints, involving both 
ankles, knees, wrists, back, and shoulders. Yearly chest x-rays had always been normal, and 
his blood pressure had been low-normal (100/60). 

First Hospital Admission (Feb. 6 to Feb. 8, 1953).—The patient had minimal pitting edema 
of the ankles and nonpitting edema of the wrists. The lower eyelids were slightly swollen. 
He walked with a crippled gait and stated that the joint pains were relieved by bed rest. Blood 
pressure, 128/74; pulse rate, 92; temperature, 100.4 F. Remainder of the examination was 
negative. RBC, 4.23; hemoglobin, 85%; WBC, 8,700 (polymorphonuclear cells, 63% ; leucocytes, 
37%) ; NPN, 23.5 mg. per 100 cc.; uric acid, 2.8 mg. per 100 cc.; total protein, 6.6 gm. (A/G— 
3.5:3.1) per 100 cc.; icteric index, 9.7; glucose, 117.5 mg. per 100 cc.; cephalin flocculation, 4+ ; 
sedimentation rate, 38 mm. in one hour; urine, normal; serologic tests, negative. 

The patient was placed on bed rest, ulcer diet with magnesium trisilicate and aluminum 
hydroxide (Gelusil), and cortisone by mouth, 100 mg. daily. He noticed almost immediate 
subjective relief from aching and stiff joints in 24 hours and was discharged to bed rest at 
home after 175 mg. of cortisone. Minimal edema persisted. 

Second Hospital Admission (Feb. 12 to March 19, 1953).—Twenty-four hours after with- 
drawal of cortisone the patient had a recurrence of symptoms, and he was readmitted four days 
later. The aching pain had spread to the calf and thigh muscles but was relieved by bed rest 
and acetylsalicylic acid, phenacetin, and caffeine (Empirin Compound). The evening fever of 
100 F. persisted. Pretibial edema was present. 

The “periarticular pain” became worse in the evenings. Paresthesias, hyperesthesia, and 
erythema of the distal digits of the feet and hands; anorexia; malaise, and occasional severe 
headaches developed. The liver edge became palpable but was nontender for six days. Liver- 
function tests revealed normal bilirubin and alkaline phosphatase; cholesterol, 258 mg. per 
100 cc.; cholesterol esters, 69% ; prothrombin time, 79% ; cephalin flocculation 3 to 4+. Twelve 
days after admission the A/G ratio reversed to 2.96:3.64. A series of sedimentation rates showed 
a progressive rise to 72 mm. in one hour. The WBC count slowly rose to 15,000. Seven per cent 
eosinophiles were reported on one occasion, and 5% were reported two weeks later, but all other 
differential counts were insignificant for eosinophiles. The RBC count fell to 3,000,000, with 
a hemoglobin level of 57% in two weeks. Sputum, blood, urine, and fecal cultures were all 
negative. All agglutination tests were normal. A soft systolic murmur was heard at the apex. 
Evening fever rose to 101 F. on three consecutive nights but fell to normal with cortisone 
therapy. An electrocardiogram on March 4 was normal. The patient refused a muscle biopsy. 
The patient had two remissions on courses of cortisone of 100 mg. daily for 10 days and 75 mg. 
daily for 7 days. These courses were shortened for fear of reactivating a healed duodenal ulcer. 
Other therapy included multivitamins, Empirin, and diphenhydramine for two weeks; penicillin, 
oxytetracycline (Terramycin), and streptomycin for 7- to 14-day periods. The patient was dis- 
charged to inactivity at home after five weeks, feeling slightly improved. 

Interval at Home.—The patient had a short period of temporary improvement. He received 
two blood transfusions, Empirin, and one course of cortisone by mouth (100 mg. daily for four 
days; 75 mg. daily for two days; 50 mg. for one day), with improvement from symptomatic 
paresthesias. He remained inactive. Following the cortisone, on May 13, the patient had a 
sudden onset of severe epigastric pain, elevated fever, cough, and weakness. Examination 
revealed epigastric tenderness without rigidity, and he was readmitted. 

Final Hospital Admission (May 13 to June 14, 1953).—The patient now appeared both acutely 
and chronically ill, with marked weight loss and pallor. Spasm of the fundal vessels and a small 
retinal hemorrhage were observed. The left neck veins were prominent, and nodularity was 
present along the left carotid artery. The right chest was dull, with crackling rales in the 
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right upper lobe. A prominent systolic murmur was present at the apex, and the aortic second 
sound was more prominent than the pulmonic second sound. Epigastric tenderness persisted. 
The fingers were swollen, with marked erythema over the right hand. A mild hand tremor was 
present bilaterally. The ankles showed 2+ pitting edema, and the general musculature was 
flabuy, with noticeable atrophy. B. P., 160/90; pulse rate, 116; temperature, 102 F.; respiration 
rate, 24. 

Course: The patient again refused a muscle biopsy. Skin tests for Trichinella, Echinoccocus, 


coccoidin, blastomycin, Torula, and two L. E. preparations on clotted and oxylated blood were 
all negative. WBC, 21,500; sedimentation rate, 78 mm. in one hour; cephalin flocculation, 3+; 
A/G ratio, 2.64:3.26; the urine showed hyaline casts, 2+- sugar, a trace of albumin, and RBC’s. 
Chest x-rays showed consolidation of the right upper lobe, which was clearing after six days of 
penicillin therapy. Sternal marrow showed cells “suggestive of a toxic inflammatory process, 
not typical of acute disseminated lupus.” The EKG showed flattening of Tz and T; waves. Ten 
days after admission the patient had an acute episode of dyspnea. Examination revealed B. P., 
180/100; pulmonary edema, and gallop rhythm at a rate of 140 per minute. Treatment with 
immediate digitalization, morphine, mersaly! (Salyrgan), and ammonium chloride was instituted. 
The EKG showed “evidence of myocardial exhaustion.” The NPN, K, Cl, and CO: levels were 
normal. The patient responded well to therapy. Chest x-ray on May 23 showed a diffuse 
infiltration throughout the right lung field and the upper lobe of the left lung. Examination 
of the sputum revealed massive infection with Candida albicans. Oral gentian violet treatment 
was begun. The blood pressure climbed to 200/120, and a persistent gallop rhythm at a rate 
of 120 to 140 was present. Sedation and hydralazine (Apresoline) were instituted. The non- 
protein nitrogen rose to 68 mg. Abdominal distention with some rigidity over the right upper 
quadrant was felt. A few petechiae were observed over the eyelids and abdomen. The urine 
contained 3+ albumin, casts, and cells. On June 1 the patient had a convulsion and the right 
pupil became dilated. He was unable to swallow or void for several hours. This was followed 
by frequent periods of restlessness and irrationality. The left lung became flat, with only 
minimal aeration in the right upper lobe. Tarry black stools were observed. Marked edema 
of the back, sacrum, hips, eyelids, and penis developed. He complained of “no feeling in the 
fingers, toes, and left foot.” This was followed by right and left foot drop. The temperature 
rose to 106 F.; the patient became delirious and died. 

Autopsy Findings: 1. Polyarteritis nodosa in various stages of evolution, involving the brain, 
skeletal muscles and diaphragm, duodenum, ileum, kidneys, liver, heart, adrenals, and stomach. 

2. Chronic bronchopneumonia and bilateral hydrothorax (C. albicans cultured from chest 
fluid) ; marked pulmonary edema. 

3. Diffuse hepatitis and disseminated fibrosis of the liver. 

4. Multiple peptic ulcers of the stomach and duodenum, related to polyarteritis; massive 
hemorrhage into the intestinal tract. 

5. Large calculus in the common pancreatic duct, with chronic fibrosing and necrotizing 
pancreatitis of the head of the pancreas and fibrous replacement of the tail. 

6. Hypertrophy of the heart (450 gm.; right ventricle, 5 mm. thick). 

7. Thrombus in the right auricular appendage. 

8. Small diverticulum of the duodenum and jejunum. 

9. Brain: hemorrhage, edema, marked “basophilic degeneration,” passive congestion, plugs 
of leucocytes including monocytes with cytoplasmic inclusion (probably Candida), subacute 
arachnoiditis. 

10. Minimal amyloidosis of the spleen and lymph nodes. 

11. Metaplasia of the bronchiolar epithelium. 

The pathologist * noted that polyarteritis was somewhat atypical in some respects: “The 
cellular infiltrate is predominently plasma cell and lymphocyte. Though I searched for eosinophils, 
I could not find them. This is either related to the cortisone therapy or else a particular feature 
of this case. The lesions are in various stages of evolution, and many display a clear-cut sub- 
endothelial proliferation of a marked degree without associated cellular reaction within the 
<li 


* Dr. George Milles, Chief Pathologist, Augustana Hospital, Chicago. 
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vesssel wall. The inflammatory reaction is largely adventitial. There are well defined examples 
of collagen degeneration of the media in many vessels. The pulmonary lesion requires little 
comment except to say that it is dominated by foam macrophages which I would interpret as 
being related to the Monilia infection.” 


COMMENT ON CASE 


This case first presented as a “serum sickness” reaction to influenzal vaccine, 
with articular and periarticular aching and edema. The immediate response to corti- 
sone by mouth was dramatic, but prompt exacerbation of symptoms followed its 
withdrawal. Laboratory tests then suggested mild hepatitis, although the patient 
had no symptoms of liver disease. The patient gradually became weaker, with 
anemia, elevated sedimentation rate, anorexia, low-grade fever, and paresthesias 
and hyperesthesias of the distal portions of the digits. Short courses of oral corti- 


sone therapy affected temporary subactive remission. The final hospital admission 
was initiated by sudden severe abdominal pain, suggesting possible recurrence of 
an old duodenal ulcer caused by cortisone. Then the renal damage became evident, 
with onset of hypertension, albuminuria, and fundal changes. Congestive heart 
failure and pulmonary pathology followed. An initial pneumonitis responded to 
penicillin therapy, only to be followed by a pulmonic C. albicans infection. Central 
nervous system damage was reflected by headaches, irrationality, and convulsions. 
The peripheral neuritis and myalgia which initiated the sickness led to atrophy of 
the muscles, with foot drop and complete anesthesia of distal phalanges from 
thromboses. Terminally, melena and abdominal distention marked involvement of 
the gastrointestinal system with multiple ulcerations. 

3iopsy was twice refused by the patient (a physician), but the diagnosis was 
made clinically after other diseases had been ruled out during the first two admis- 
sions. Extensive cortisone therapy was not deemed advisable in the final weeks 
owing to complications of generalized monilial infection and active ulcers. 


SUMMARY AND CONCLUSIONS 

Polyarteritis nodosa is a progressive, necrotizing, inflammatory, panarteritis 
presenting with bizarre symptoms and findings, which reflect the sites of involved 
organs. Evidence at the present time favors severe hypersensitivity as the most 
likely etiology, although this is not definitely proved. The kidney, heart, and liver 
were found to be the most frequently affected organs in a series of 175 cases. 

Fever, abdominal and cardiac symptoms, and peripheral neuritis were the 
commonest early symptoms. Hypertension was present in only 54% of the cases. 
Elevated sedimentation rate, leucocytosis, albuminuria, and anemia were all very 
frequently observed. Eosinophilia occurred in only 19% of the cases. Antemortem 
diagnosis can be proved only by biopsy, which yielded 38% positive findings in 26 
cases reported. 

The diagnosis cannot be rejected because of absence of eosinophilia and hyper- 
tension. It must be considered in any disease not explainable by a single diagnosis. 
The prognosis is poor, but remissions with corticotropin and cortisone have been 
reported. The treatment is supportive, with much symptomatic relief from the 
above-named drugs. The patients are more comfortable, and temporary subjective 
improvement is often striking. Postmortem examinations have shown all acute 
inflammatory reactions “healed” owing to such therapy, death being due to exten- 
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sive vascular damage to vital organs. Early diagnosis and hormonal treatment before 
the occurrence of widespread dissemination of the lesions holds some future promise. 


A rather “typical” case of this “atypical disease” is reported and discussed. 
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HE TERM “hemorrhagic disease’’ covers a diverse group of disorders in 

which abnormal bleeding is the only common denominator. A few are inher- 
ited, many more are acquired, and bleeding may be the major disturbance or may 
represent only a minor facet of the total picture in the latter group. Interest in anti- 
coagulant therapy, better understanding of normal hemostasis and recent demonstra- 
tion of immunopathogenic mechanisms have expanded the list of hemorrhagic 
diseases to over 20 major categories. Controversies about fundamental physiological 
and biochemical interpretations have added to the difficulties encountered by the 
practicing physician who goes to the literature for help in evaluating a given clinical 
problem. Fortunately, all but the newest information in this field has been well 
summarized and correlated in several recent monographs * and review articles. 
The other references cited are designed to guide the reader to a recent article on each 
disease and test. 

The hemorrhagic diseases ¢ can be classified into three large groups, according 
to the underlying hemostatic defect and the general manifestations of the bleeding 
(Table 1). More specific diagnoses within these groups depend on a careful history, 
physical examination, and selected laboratory tests. 

The following approach to the study of patients with abnormal bleeding has 
proved successful in our hands: 

HISTORY 

“Have you or has anyone in your family ever had a tendency to bleed or bruise 

easily ?” should be a routine question to every patient seen and an absolute prerequi- 


site before surgery or tooth extraction. Ask specifically about any similar bleeding 
tendency in the relatives of either sex. Note the age of onset; the sites, frequency, 





From the Division of Experimental Medicine, University of Oregon Medical School. 

Read before the Section on Pathology and Physiology at the 103rd Annual Meeting of the 
American Medical Association, San Francisco, June 23, 1954. 

The study of hemorrhagic diseases was supported in part by grants from the National 
Cancer Institute of the National Institutes of Health, United States Public Health Service, from 
the United States Atomic Energy Commission, and from private donors to the Hemophilia 
Research Fund of the University of Oregon Medical School. 

* References 1 (this well-written book gives the most up-to-date, complete, and objective 
treatment of the field of blood coagulation), 2, 3, and 4. 

+ References 5-7. 


+ Where available, terms for diseases are those recommended in Reference 8. 
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and character of bleeding, and whether it is spontaneous or related to trauma. If 
related to trauma, record the nature and intensity of the trauma. Obtain an esti- 
mate of the quantity of blood lost, the duration of bleeding episodes, and the response 
to therapeutic measures tried. All therapeutic agents ® used within three months 
of onset should be recorded. Question specifically for allergy; jaundice; bleeding 
from the gums, into or under the skin, into the joints, and for hemoptysis, hema- 
turia, menorrhagia, or melena. Epistaxis is so commonly due to local causes that it 
is almost valueless in differential diagnosis. Continue questioning about the bleeding 
until it is classified as being petechial, thrombocytopenic, or hemophilic in type or 
atypical. Capillary purpuras are petechial or localized in character and are lim- 
ited to the skin and mucosal surfaces. Thrombocytopenic bleeding is spontaneous, 
typically at multiple sites, especially from the gums and uterus and into the skin. 
Hemophilic type “ieeding, which may be seen in any defect of plasma coagulation 
factors, follows trauma, often slight, such as stubbing a toe or missing a stair-step. 


TABLE 1.—The Hemorrhagic Diseases 


Main Types Hemostatie Defect General Manifestations 


Capillary purpuras Damage to or congenital weak- Petechial or localized bleeding: capil- 
ness of the capillary walls, lary fragility increased in almost all 
inability of capillaries to cases; all other laboratory tests for 
contract hemorrhagie disease are normal 


Thrombocytopenic and Deficient and/or abnormal Spontaneous bleeding from gums and 
thrombocytopathic thrombocytes ecchymoses into skin; menorrhagia; 
purpuras absent, delayed, or incomplete clot 

retraction; prolonged bleeding time; 
increased capillary fragility 


Plasma coagulation Absence, deficiency, or abnor- Bleeding following trauma, in the form 
defects mality of one or more plasma of frank hemorrhage, spreading 
coagulation factors; presence hematomas or hemarthroses; co- 
of abnormal circulating anti- agulation prolonged or absent; if 
coagulant coagulation occurs, clot retraction 
is good 


Spreading hematomas, usually single, under the skin and into muscles ; hemarthro- 
ses, and prolonged bleeding episodes from lacerations or following tooth extractions 


are seen in this group. 


PHYSICAL EXAMINATION 

A complete and careful physical examination is indicated for all persons with 
suspected hemorrhagic disease. Examine the skin, mucous membranes, and ocular 
fundi for evidences of bleeding or icterus. Note the depth in the skin of any 
petechiae and any associated urticaria. Examine the sites of bleeding, past or pres- 
ent, for capillary telangiectases, which are red pedunculated or sessile tumors, usu- 
ally 1 to 5 mm. in diameter, and which are compressible, blanch on pressure, and 
are very fragile. Characteristic telangiectases occur on the fingertips, on the lips, 
and on the tip of the tongue, but they may be present on any skin or mucosal sur- 
face. Examine the lymph nodes, spleen, and liver. Swelling or limitation of move- 
ment of any joint and tenderness over bones should be noted. Look for pallor, 


particularly of palmar creases. 


LABORATORY TESTS 

All patients suspected of having a hemorrhagic disease should have the following 
tests: one-stage “prothrombin,” Lee and White coagulation time, clot retraction. 
bleeding time, and examination of stained blood smear for appearance of leucocytes 
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and thrombocytes. The results of three of these tests, as diagrammed in the Figure, 
make it possible to channel our thinking about an undiagnosed bleeding problem 
into one of the three major groups of hemorrhagic disorders. The coagulation time 
of venous blood is prolonged only in disorders associated with defects in one of the 
plasma coagulation factors or in the presence of a circulating anticoagulant. Unfor- 
tunately, a normal coagulation time does not exclude hemophilia. A marked 
depression or absence of fibrinogen, prothrombin, or one of the accessory “prothrom- 
bin conversion” factors is necessary before the coagulation time is significantly 
prolonged. 

“Prothrombin” concentration, as usually determined by the one-stage method,§ 
is normal in hemophilia or other plasma thromboplastin deficiencies, but a low 
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Laboratory tests for hemorrhagic diseases. 


value is obtained in hypoprothrombinemia, fibrinogenopenia, ac-globulin deficiency, || 
serum prothrombin conversion accelerator (SPCA) deficiency, or in the presence 
of a circulating anticoagulant or an active fibrinolysin. Special modifications of 
the prothrombin procedure are necessary to prove deficiency of SPCA™ or ac- 
globulin.# A quantitative fibrinogen determination ** will establish fibrinogeno- 
penia, and one of several tests * may be used to demonstrate the presence of a 
circulating anticoagulant. A determination of fibrinolytic activity | may establish 
the diagnosis, especially if several plasma coagulation factors are decreased. 


§ References 4 and 10. 

|| “Ac-globulin” is used synonymously with the terms “labile factor,” “Factor V,”’ and 
“accelerin.” 

4 “Serum prothrombin conversion accelerator” is used synonymously with the terms “stable 
factor,” “Factor VII,” and “convertin.” 

# References 12 and 13. 

* References 15 and 16 and Biggs and Macfarlane,! pp. 360-365. 

{7 Biggs and Macfarlane, pp. 358-360. 
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A prolonged coagulation time in the presence of a normal one-stage “prothrom- 
bin” determination indicates a deficiency in one of the precursors of plasma throm- 
boplastin. This group includes deficiencies of antihemophilic factor (AHF), plasma 
thromboplastin component (PTC),'* plasma thromboplastin antecedent (PTA),’* 
and possibly more as yet unnamed factors.’® Differentiation within this group is 
based on the plasma thromboplastin generation test.2? Assay of antihemophilic 
factor ** has been described. 

If the coagulation time is normal, an incomplete or defective clot retraction 
suggests one of the thrombocyte defects and is more reliable than a thrombocyte 
count. Any patient who has a prolonged bleeding time or abnormal clot retraction 
should have a marrow examination. Finally, capillary purpuras show normal 
coagulation time, clot retraction, and prothrombin concentration. It is not safe to 
assume that the hemorrhagic disease involved is due to a capillary defect in the 


TABLE 2.—Capillary Purpuras 


Standard 
Nomenclature Cause Example Treatment 


490-400.5 Mechanical Whooping cough Reassurance 
490-100.5 Infection Meningococcemia Antibioties 


490-512.5 Embolic Subacute bacterial endo- Antibioties 
carditis 


490-300.5 Allergy * Food allergy Removal of allergen 
Drug idiosyncrasy Antihistamines 
Corticoids 
490-763 Vitamin deficiency Scurvy Ascorbie acid 


490-798-794 Decreased elastic tissue Senility Reassurance 
Ehlers-Danlos syndrome 


490-992.5 Noncontractility of capil- Hereditary capillary Avoidance of trauma 
laries ¢ fragility Topical thrombin 


Metabolic Uremia Treatment of under- 
Hypothyroidism lying disease 
Anoxia 


Telangiectases of capil- Hereditary capillary Topical thrombin 
laries t telangiectasis 


+ Rare but important. 


presence of normal tests of the coagulation mechanism unless other causes are 
excluded by a negative history. Strict adherence to the proper techniques of per- 
forming the above tests is of extreme importance {; minor variations in procedure 
may give falsely positive or negative results. 


DIAGNOSIS AND TREATMENT 


1. Capillary Purpuras——The capillary purpuras are listed in Table 2. Most of 
this group require no specific therapy for the bleeding tendency, since it is usually 
only an incidental finding. 


Mechanical capillary purpura follows sudden increase in venous pressure such 
as occurs in whooping cough, during delivery, or in weight lifting or may be fac- 
titial. Petechiae occur in the areas of increased venous pressure, most often on 
the head and upper extremities. Many patients with hypertension have increased 
capillary fragility. 
ei 

t It is recommended that at least 20 healthy persons be studied by each test to determine 
the range of normal for the procedure by each technician. 
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Some infectious diseases are associated with a generalized petechial rash; the 
defect is probably capillary damage from toxins or direct involvement of capillaries 
by the organism. Examples include scarlet fever, smallpox, bacteremias—par- 
ticularly pneumococcal, streptococcal, and meningococcal—and certain of the 
rickettsial diseases, notably typhus at:d Rocky Mountain spotted fever. Epidemic 
hemorrhagic fever *? may fall in this group, although no pathogenic organism has 
been isolated. Therapy consists of the antibiotic specific for the causative organism. 
Embolic capillary purpura occurs most commonly in subacute bacterial endocar- 
ditis ; it may also occur in other bacteremias and in fat embolism following fractures. 

By far the largest number of capillary purpuras are due to food allergy or drug 
idiosyncrasy. Purpura occurring days to weeks after a bacterial infection has been 
ascribed to bacterial allergens. Allergic capillary purpura ** has no associated 
thrombocytopenia, although it is important to realize that an allergen may cause 
thrombocytopenia or increased capillary fragility, or both, in different persons or 
in the same person at different times. Local release of histamine, increased capillary 
permeability, and the transudation of erythrocytes and protein is the most probable 
mechanism. Several names have been used to describe this condition. It has been 
called simple purpura when there are no associated findings, Schonlein’s purpura 
when there are periarticular effusions with migratory joint pain in addition to 
purpura, and Henoch’s purpura when there is associated gastrointestinal colic. 
Petechiae and urticarial wheals are most commonly found on the lower extremities ; 
rarely there may be hematuria, gastrointestinal bleeding, and bleeding into the 
central nervous system. Therapy is directed toward the underlying allergy or idio- 
synerasy. Corticoids (as used in this article corticoids refers to cortisone, hydro- 
cortisone, and corticotropin) and antihistamines will relieve the symptoms in the 
severer cases. Associated angioneurotic edema of the gastrointestinal tract may 
be relieved by intramuscular injection of posterior pituitary solution (surgical 
Pituitrin) in 0.2 to 0.4 ml. doses. If the allergen or offending drug is known, it 
should be avoided. 

Scurvy remains the only capillary purpura due to vitamin deficiency. Although 
deficiencies of vitamins E and P cause purpura in experimental animals, there is 
no convincing evidence that there is any human bleeding disorder due to, or 
improved by, these substances. 

The pathogenesis of a number of less common capillary purpuras is not as well 
known as in the above group. The purpura seen in elderly patients, usually as flat 
spreading ecchymoses over the dorsum of the hands, is probably due to loss of 
elastic tissue in the skin. An analogous purpura occurs in the Ehlers-Danlos syn- 
drome,** which is an hereditary deficiency of elastic tissue. Several metabolic and 
endocrine disorders may have an associated capillary purpura; hypothyroidism, 
anoxia, diabetes mellitus, uremia, and the hepatic toxemia of severe liver disease 
often show increased capillary fragility. These—especially hypothyroidism—are 
frequently overlooked as causes of capillary bleeding. 

Hereditary capillary fragility, or noncontractility, is a rare disease inherited as 
a dominant characteristic affecting both sexes. Macfarlane ** has presented evidence 
that the basic defect is an inability of capillaries to contract after injuries. This is 
reflected in a prolonged bleeding time and an increased capillary fragility, which 
are the only abnormal tests. Von Willebrand ** first described this condition, and 
it is often referred to as von Willebrand’s disease. Although rare, it is important 
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to recognize, since fatal bleeding can occur following minor trauma ; elective surgery 
is contraindicated. Bleeding is hemophilic in type; it is unaffected by blood trans- 
fusions or by cortisone in our experience. Accessible bleeding can usually be 
controlled by prolonged gentle compression with absorbable gelatin sponge, U.S. P. 
(Gelfoam) or fibrin foam soaked in topical thrombin. 

Hereditary capillary telangiectasia *’ is easily diagnosed in the typical case by 
the presence of telangiectases on the tongue, lips, and fingertips. These may occur 
on any cutaneous or mucosal surfaces. Bleeding rarely occurs before 20 years 
of age. Telangiectases are fragile and bleed easily. Accessible bleeding can be 
controlled by measures listed for hereditary capillary fragility. Bleeding from the 
genitourinary or gastrointestinal tract presents a difficult problem; we have had no 
success with rutin, estrogens, or adrenochrome monosemicarbazone sodium sal- 
icylate complex (Adrenosem). Supportive measures include blood replacement 
and supplemental iron. Chronic blood loss from the gastrointestinal tract with 


TABLE 3.—Thrombocytopenic and Thrombocytopathic Purpuras 


Standard 
Nomenclature Cause Example Treatment 


507-7911 [diopathie * Idiopathie thrombocytopenic Corticoids 
purpura Fresh whole blood 
Splenectomy in selected 
cases 


507-300 Allergic * Quinidine Removal of allergen 
Corticoids 


507-790.9 Hypoplastic * Nitrogen mustards Stop drug 
Chloramphenicol Fresh whole blood 


507-920 Myelophthisie * Leukemias Treatment of under 
lying disease 
507-9 X 7 Unknown t Thrombotic thrombocytopenic Corticoids (7) 
purpura 
wO7- X 90.5 Abnormal throm- Thrombocytopathie purpura Fresh whole blood 
bocytes t 


* Common and important. 
+t Rare but important. 


negative x-ray studies may sometimes be explained if relatives of the patient are 
examined for accessible teiangiectases, which an occasional patient lacks. 
Miscellaneous Capillary Purpuras: Kaposi’s hemorrhagic sarcoma is a rare 
cause of local capillary bleeding. Polyarteritis nodosa causes bleeding from veins, 
small arteries, or arterioles rather than from capillaries. In a few other conditions, 
such as disseminated lupus erythematosus, the leukemias and lymphomas, and all 
the thrombocytopenic purpuras, changes in capillary walls may play a part in the 
hemorrhagic tendency that is distinct from the usually associated thrombocytopenia. 
2. Thrombocytopenic and Thrombocytopathic Purpuras——The thrombocyto- 
penic and thrombocytopathic purpuras have a number of subdivisions, as shown in 
Table 3. The most characteristic finding is the type of bleeding: spontaneous 
purple hemorrhages deep in the skin, usually associated with bleeding from the 
gums and, in women, with menorrhagia. All have in common an absent or delayed 
clot retraction, increased capillary fragility, and prolonged bleeding times; all 
respond to transfusions of fresh whole blood, preferably collected in plastic bags.?* 
In the thrombocytopathic purpuras, the thrombocytes are within the range of 
normal numerically, but morphologically they are large and refractile, having 
observable hyaline areas with decreased azurophilic granulation. Bleeding states 
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have been attributed to isolated deficiencies of thrombocyte fractions having to do 
with thromboplastin formation,” clot retraction,” and vascular contraction.*° 
Morphologic abnormalities of the thrombocytes have usually been described in such 
cases. 

Idiopathic thrombocytopenic purpura is an episodic disease of unknown etiol- 
ogy, although there is increasing evidence that some cases occur on an autoimmune 
basis.§ It is commonest in the first three decades of life, and the incidence drops 
progressively in older age groups. It is rare in persons older than 40 and partic- 
ularly rare in males over 15 years of age. Females are affected in a ratio of 2:1. 
Most cases run a chronic course characterized by remissions and exacerbations. A 
group of recent studies || have shown the presence of thrombocyte isoagglutinins 
analogous to the A, B, and O erythrocyte agglutinins and an autoimmune mech- 
anism for thrombocytopenia. Thrombocyte autoagglutinins are demonstrable in 
the serum of 30 to 60% of patients with idiopathic thrombocytopenic purpura and 
can often be correlated with pregnancy or multiple blood transfusions. Congenital 
thrombocytopenia ** occurs transiently in infants born to thrombocytopenic women, 
presumably due to transplacental transfer of an acquired maternal thrombocyte 
antibody. 

Idiopathic thrombocytopenic purpura must be differentiated from other causes 
of thrombocytopenia in order to evaluate the prognosis and select therapy for the 
individual patient. Examination of an adequate marrow specimen is the best way 
to make this differential diagnosis. In the idiopathic form there is a normal or 
increased number of megakaryocytes, with little or no evidence of thrombocyte 
formation at the periphery of the megakaryocyte cytoplasm. In the purpuras of 
thrombocytic hypoplasia, megakaryocytes are decreased in the marrow aspirate. 
In the myelophthisic types of thrombocytopenia the marrow will reveal the presence 
of cells typical of leukemia, plasmocytic myeloma, or other infiltrating disease. 

Conservative therapy with bed rest, corticoids, fresh blood transfusions, and 
topical thrombin to accessible bleeding points should be followed in the milder 
cases of idiopathic thrombocytopenic purpura. Many, including the majority of 
children, will have spontaneous permanent remissions.** Only if these measures 
fail should splenectomy be considered, and it should always be preceded by adequate 
preparation with corticoids and/or fresh whole blood. Splenectomy with complete 
removal of all accessory splenic tissue leads to clinical cure of about 70% of prop- 
erly diagnosed cases of idiopathic thrombocytopenic purpura. Splenectomy has a 
definite risk and is not necessary in many cases. 

Allergic thrombocytopenia due to extrinsic allergens, particularly idiosyncrasy 
to allylisopropylacetylearbamide (Sedormid) ** and quinidine,*’ has been amply 
documented. Antibodies have been demonstrated in serums of a few such patients 
that are capable of agglutinating and lysing thrombocytes in vitro in the presence 
of the offending drug. In the case of some other drugs and a few foods, idiosyncrasy 
has been proved by reproduction of thrombocytopenia by test doses after recovery 
and in many more instances has been suspected because of onset of thrombocyto- 
penia after administration of the drug. Ackroyd ** has reviewed the mechanism, 
allergens, and findings in cases of allergic purpura with and without thrombocyto- 


§ References 31-33. 
|| References 31-33. 
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penia. The marrow contains normal or decreased numbers of morphologically 
normal megakaryocytes in the group of allergic purpuras. In addition to suppor- 
tive measures listed for idiopathic thrombocytopenia, therapy must include removal 
of the allergen and chemically related substances. Response to corticoids has been 
variable, and splenectomy is of no value. 

Hypoplastic thrombocytopenic purpura ® is characterized by a marked decrease 
in the number of megakaryocytes in the marrow. It may occur alone or in com- 
bination with erythrocytic or granulocytic hypoplasia. A large number of thera- 
peutic agents® have been incriminated. Thrombocytic hypoplasia occurs rarely 
as an inherited defect. Hypothyroidism should always be kept in mind when 
there is no history of familial incidence or exposure to drugs or toxins and no 
detectable allergic basis. Therapy is the identification and removal of the cause— 
discontinuing the noxious agent or correcting the underlying endocrine disturbance. 
Splenectomy is of doubtful value ; corticoids may be of transient benefit. 


TABLE 4.—Coagulation Defects Due to Abnormalities of Plasma Components 





Standard 
Nomenclature Cause Example Treatment 


5134- K 90 Antihemophilie factor defi- Hemophilia Fresh blood 
ciency * Lyophilized plasma or 
Fraction I 


513 X - XK 90 Plasma thromboplastin pre- 
cursor deficiency t 
Fresh blood 
5135- X 80 Accelerator globulin deficiency t | Hemophilioid states Lyophilized plasma 
5135- K 80 Serum prothrombin conversion 
accelerator deficiency t 
5132- K 95 Hypoprothrombinemia * Liver disease Vitamin K 


5131- X 90 Fibrinogenopenia t Abruptio placentae Blood or Fraction I 
Delivery 


513 X-X 90 Fibrinolysin t¢ Carcinoma of prostate Corticoids 
Estrogens 


5136- « 90 Anticoagulants ¢ Rare Toluidine blue ; 
Protamine sulfate it heparin 
Corticoids (?) 


* Common. 

t Rare but important. 

Thrombotic thrombocytopenic purpura ** is characterized by fulminating acquired 
hemolytic anemia, thrombocytopenia, neurological symptoms, and poor response to 
corticoids, antibiotics, and transfusions. 

3. Hemorrhagic. Diseases Due to Abnormalities of Plasma Coagulation Com- 
ponents.—The third major group of hemorrhagic diseases, those resulting from 
defects in the plasma coagulation factors, are listed in Table 4. 

Hemophilia, although not common, has received a good deal of attention his- 
torically, and in the minds of many persons all “bleeders” are hemophiliacs. The 
classic genetic theory attributes the disease to a sex-linked recessive characteristic 
with predominantly male involvement; homozygous occurrence of the recessive 
gene in the female is statistically unlikely but occurs. Brinkhous and Graham *° 
have substantiated this theory by breeding a strain of hemophilic dogs in all pos- 
sible combinations. They have also postulated *° the existence of a series of human 
isoalleles ranging from the normal dominant H to the classic recessive h. A cor- 
responding gradation of severity of the disease and of levels of antihemophilic 
factor (AHF) depends on the hemophilic gene involved. Thus, only in classic, 
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severe hemophilia is the plasma AHF zero, Families described by Brinkhous as 
moderate, mild, and subhemophilic have less than 3, 16, and 33% AHF, respec- 
tively. The last two are detectable only by AHF assay procedures ** yet show a 
definite clinical bleeding tendency. 

Treatment of hemophilic bleeding consists of supportive measures plus adminis- 
tration of adequate amounts of AHF in the form of fresh whole blood, fresh plasma, 
reconstituted lyophilized fresh plasma, or Fraction I prepared from fresh plasma. 
Far more important, however, are prophylactic measures directed toward teaching 
the patient to understand his disease and to accept the restrictions it places on his 
activities. All forms of trauma must be avoided; their parents must be taught to 
maintain discipline by nonphysical measures. Should a surgical procedure be 
imperative, AHF levels must be maintained from the above sources before, during, 
and for whatever period is necessary after surgery to permit healing. 

Out of studies from several laboratories { has come knowledge about blood 
thromboplastin and the recognition of two and possibly more hereditary hemor- 
rhagic diseases distinct from hemophilia. According to Biggs and co-workers,** 
five components are necessary for the generation of plasma thromboplastin: AHF, 
thrombocytes, PTC (Christmas factor), ac-globulin (Factor V), and SPCA (Fac- 
tor VII). Rosenthal '* has described a sixth essential component, which he has called 
plasma thromboplastin antecedent, and Spaet and co-workers ’” believe there may 
be still another component. Whether the total of six or more components may 
represent reduplication or whether some of these factors may be intermediate reac- 
tion products is still not known. Terminology for the factors involved and for the 
disease entities corresponding to deficiency of each is still in a formulative stage. 

Plasma-thromboplastin-component (Christmas factor) deficiency is indistin- 
guishable from hemophilia clinically or by routine coagulation studies. Diagnosis 
depends on demonstration of a prolonged coagulation time corrected by addition 
of one-tenth volume of normal serum incubated 24 hours at 37 C. and not corrected 
by addition of one-tenth volume of fresh normal plasma which has been treated 
with BaSO, (50 mg. per milliliter). Failure of patient’s blood to correct the coagu- 
lation time of a known PTC-deficient blood or use of the thromboplastin generation 
test are alternative methods of diagnosis. It has been estimated that 10 to 20% 
of “hemophiliac” patients have a deficiency of PTC rather than AHF. Treatment 
with fresh or stored blood or plasma is effective for periods of one to two weeks; 
Fraction I has no effect. 

Plasma-thromboplastin-antecedent deficiency ** has been described in 18 patients 
in 12 families. A mild hemorrhagic tendency marked chiefly by bleeding after tooth 
extractions affects both sexes and appears to be transmitted as a simple autosomal 
dominant. 

Deficiencies of ac-globulin *® and serum prothrombin conversion accelerator ** 
were first recognized in patients who gave lifelong histories of abnormal bleeding. 
The inheritance of these defects is not well understood ; both sexes may be affected. 
Bleeding is hemophilic in .~. though hemarthroses have not been described in the 
cases of ac-globulin deficienc. —aboratory results are similar to those for hemophilia 
except that “prothrombin” concentrations by the one-stage test are low. Although 
most workers have regarded these substances as accelerators of prothrombin con- 


§ References 18, 19, 41, and 42. 
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version, Biggs ** has stated that they react with brain extracts to form a complete 
thromboplastin that is then capable of rapid conversion of prothrombin to thrombin. 
In addition to the hereditary deficiencies, SPCA is depressed by inandione and 
coumarin compounds. Severe liver disease and fulminating infections (purpura 
fulminans) may also cause deficiencies of ac-globulin and SPCA as well as of pro- 
thrombin and fibrinogen with a resultant bleeding tendency. Acute bleeding episodes 
respond to fresh whole blood or plasma and withdrawal of bishydroxycoumarin 
(Dicumarol) or ethyl biscoumacetate (Tromexan ethyl acetate). 

Hypoprothrombinemia is one of the commoner defects of plasma coagulation 
factors. It may occur from a variety of causes of deranged synthesis in the liver, 
the one responsible usually being apparent from a carefully taken history. Bleeding, 
which appears as spontaneous petechiae and post-traumatic ecchymoses and hema- 
tomas, does not occur until the prothrombin concentration reaches the 0 to 20% 
range. Transient hypoprothrombinemia of the newborn is rare since the introduc- 
tion of vitamin K in routine prepartum care. Obstructive jaundice and severe 
prolonged diarrhea, such as occurs in chronic pancreatitis, idiopathic steatorrhea, 
and regional enteritis, may cause hypoprothrombinemia due to inadequate absorption 
of vitamin K. Alteration of intestinal bacterial flora after enteric antibiotics may 
eliminate a major source of vitamin K. Bishydroxycoumarin and related drugs 
may produce hypoprothrombinemia which is more promptly reversed by 0.5 gm. 
parenteral doses of vitamin K, oxide than by synthetic vitamin K preparations. 
Severe liver damage interferes with the production of prothrombin, notwithstanding 
an adequate intake of vitamin K or vitamin K, oxide. Rare cases of familial and 
idiopathic hypoprothrombinemia *’ have been described that do not respond to 
vitamin K. Transfusions of blood or plasma and topical treatment of accessible 
areas will control acute hypoprothrombinemic bleeding. 

Absence or marked deficiency of fibrinogen occurs as a rare hereditary defect 
and has been described as a complication of severe liver damage. Schneider,*® 
Weiner,*® and others have recently delineated the process of intravascular coagula- 
tion resulting from introduction of thromboplastin into the maternal circulation 
in cases of abruptio placentae and amniotic fluid embolus. Following the initial 
phase of intravascular coagulation there is depletion of fibrinogen, prothrombin, 
and ac-globulin, with a severe hemorrhagic state. Whole blood, plasma, or Frac- 
tion I administration is necessary to correct the bleeding tendency in these patients. 
Prompt emptying of the uterus from below or by Caesarean section leads to cessa- 
tion of intravascular coagulation, and the depleted coagulation factors return to 
normal levels in one to three days. 

Another mechanism that may lead to depletion of fibrinogen and a hemorrhagic 
tendency is the presence of an active circulating fibrinolysin. Carcinoma of the 
prostate,°° hemorrhage, and shock *! may activate fibrinolysin and lead to bleeding 
on this basis. Tagnon and co-workers *° have described a decrease of the fibrino- 
lytic titer in cases of carcinoma of the prostate treated with estrogens. Therapy 
should include corticoids ** and whole blood or plasma. 

Anticoagulants, either endogenous or therapeutically administered, cause hemo- 
philia-like bleeding; the mode of action may be as an antithrombin or as an 
antithromboplastin. Many of the cases described have occurred after multiple 
transfusions and may represent actual antibody production against one or more 
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of the coagulation proteins. A number of hemophilic patients have been shown 
to have developed an anti-AHF substance, and a similar abnormal globulin has 
been demonstrated in a few postpartum patients, presumably due to sensitization 
at the time of pregnancy. Bleeding has been described in conjunction with abnormal 
amounts of globulin in liver disease, tuberculosis, and plasmocytic myelomas, the 
so-called dysproteinemias.** Heparin may be increased following therapeutic use 
or, rarely, in leukemias and shock. Treatment in this group is extremely difficult, 
since transfusions may perpetuate the condition. If heparin is the anticoagulant, 
intravenous toluidine blue or protamine sulfate are effective. Corticoids have been 
effective in one reported case.** 


IMPORTANT GENERALITIES ABOUT HEMORRHAGIC DISEASES 


A few general principles and essentials about the hemorrhagic diseases will 
simplify diagnosis and lead to more specific and beneficial therapy: 


1. A careful history and physical examination are more reliable than negative laboratory 
tests in excluding a significant bleeding tendency. 

2. Normal laboratory results when a patient is not actively bleeding or within 24 hours 

after transfusions of blood or plasma are often misleading. 

. Coagulation tests done on capillary blood are valueless in excluding hemorrhagic disease. 

. No known hemorrhagic disease is due to lack of calcium or is benefited by calcium therapy. 

. Vitamin K therapy is of no value in any hemorrhagic disease except hypoprothrombinemia. 

. All local accessible bleeding, except that due to severe fibrinogenopenia or to the presence 

of a circulating fibrinolysin or anticoagulant, should respond to prolonged gentle com- 

pression with fibrin foam soaked in topical thrombin. 

7. A patient with any known hemorrhagic disease except hereditary capillary fragility, 
scurvy, or a circulating anticoagulant or fibrinolysin—all rare—may be scheduled for 
emergency surgery immediately after receiving three or four transfusions, six to eight 
hours apart, of fresh biood given as soon as possible after drawing, if expert supervision 
is available thereafter. 

8. Tooth extraction is among the most hazardous procedures in hemorrhagic disease. Patients 
should be told on the first visit that physician and dentist should confer before, not after, 
it is undertaken. 

9. None of the capillary purpuras except hereditary capillary fragility and scurvy—both 
rare—is a contraindication to surgery. 

10. Life may depend on the integrity of the veins in patients with chronic hemorrhagic disease. 
When venipuncture cannot be done, do not destroy a vein by cutting down on it unless it 
is impossible to give blood by the marrow puncture method. 

11. In the presence of undiagnosed serious bleeding, draw blood for the screening laboratory 
tests and give fresh whole blood transfusions. 


nNOon &» Ww 


SUMMARY 


The present status of diagnosis and management of the hemorrhagic diseases 
are outlined. Selected references are given as a guide to the extensive literature of 
this field. 
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HISTOPLASMOSIS OF LUNGS 
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ISTOPLASMOSIS is an infectious disease of protean clinical manifestations 

for the reason that the causative organism, the fungus Histoplasma capsulatum, 

may affect practically any tissue of the body. The organs most commonly involved 
are the lymph nodes, liver, lungs, spleen, adrenal glands, bone marrow, kidneys, 
intestinal tract, oropharynx, larynx, and skin.’ Up to the present time only about 
200 cases of all varieties of histoplasmosis confirmed by cultural or histological meth- 
ods have been reported in the world literature. In more than one-half of these 
patients there was definite evidence of histoplasmosis of the lungs, either as the sole 
manifestation of the disease or occurring in association with other organ involvement. 


INCIDENCE 


The paucity of authentic reports of histoplasmosis over the years by no means 
reflects the total incidence of infection or clinical disease due to H. capsulatum. Some 
of the factors which may have been responsible in the past for overlooking histo- 
plasmosis were our limited knowledge of its manifold clinical appearances as well 
as the difficulty in isolating the fungus from persons suspected of having the disease. 
This is evidenced by the fact that less than half of all recorded cases were diagnosed 
before death. The relatively recent awakening of widespread medical interest in 
histoplasmosis in the United States has stimulated intensive investigations and has 
improved its clinical recognition, with the result that reports of the disease are 
becoming increasingly more numerous in our current medical literature. In addition, 
improvements in laboratory techniques make it possible now to confirm the clinical 
diagnosis by finding H. capsulatum in a larger proportion than formerly. However, 
as long as isolation of the fungus on culture or its demonstration in smears and 
tissue sections continues to be one of the requirements for a positive diagnosis of 
histoplasmosis, mild varieties with negative cultural and histologic findings and 
innumerable subclinical forms of the disease will continue to be excluded from these 
reports. Therefore, we will develop a distorted concept of the existence of histo- 
plasmosis if we are guided solely by statistics of proved cases. 


GEOGRAPHIC DISTRIBUTION 


Our knowledge concerning the geographic prevalence of histoplasmosis is like- 
wise still incomplete, since its potential distribution is probably world wide. Up 
to the present the disease has been recognized in 22 countries, with more than 
four-fifths of the cases originating from the United States. The second highest 
incidence of both histoplasmosis and histoplasmin sensitivity has been reported from 
Mexico and countries of Central and South America. Several cases of histoplas- 
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mosis have been discovered in South Africa, and a low incidence of histoplasmin 
reactivity has been revealed in some areas of this continent where limited surveys 
have been carried out. There have been only a few authentic case reports from 
Europe, chiefly from those countries adjoining the Mediterranean Sea, while histo- 
plasmin sensitivity has been negligible in the native population of European countries, 
with the exception of Italy. Isolated reports of the disease have also originated 
from Java, Hawaii, Philippines, and Australia, but practically nothing is known 
as yet of the prevalence of histoplasmosis or histoplasmin sensitivity in countries of 
the eastern part of Europe, the Middle East, and the Far East.* The dispropor- 
tionately large number of cases reported from the United States may be partly 
attributable to a relatively higher prevalence of the disease in this country. How- 
ever, the greater search for histoplasmosis in the United States is undoubtedly also 
responsible to a large extent for its apparent geographic preponderance here as 
compared with the rest of the world. Although histoplasmosis has been reported 
from 32 states in widely scattered parts of the United States, most of these cases 
have originated from the Mississippi, Ohio, and Missouri River Valleys.* This 
region has consequently been accepted as endemic for the infection. Mass surveys 
employing chest roentgenograms and skin testing with tuberculin and histoplasmin 
have likewise revealed a high incidence of pulmonary lesions, especially calcifica- 
tions, in histoplasmin-positive tuberculin-negative reactors in the Lower Mississippi 
Basin.t These findings confirm the views that this section of the country is endemic 
for histoplasmosis and that in the vast majority the disease occurs in benign and 
subclinical form. Histoplasmin sensitivity is greatest in the center of this region, 
which is bounded in the west roughly by Kansas and Oklahoma and in the east by 
Ohio, Kentucky, and Tennessee. This highly endemic zone encompasses the states 
of Kansas, Missouri, Illinois, Indiana, Ohio, Kentucky, Tennessee, Louisiana, 
Arkansas, and Oklahoma. There are, however, distinct geographic variations in 
the occurrence of both histoplasmosis and histoplasmin reactivity in natives of various 


parts of this strongly endemic region itself. For example, in northwestern Kansas 


histoplasmin sensitivity is present in only about 7% of the native population, whereas 
to the east the incidence rises sharply, reaching a high of about 80% in the north- 
sastern part of Kansas and in the northwestern and north-central parts of Missouri.'* 
In Illinois sensitivity to histoplasmin is 56% in college students from the southern 
portion and only 15.1% in those from the northern half of the State.'* In northern 
and central Indiana over 70% of a group of adults tested had positive histoplasmin 
reactions.’* In Ohio the proportion of histoplasmin reactors is greatest in the south- 
west, where it is as high as 76% in the vicinity of Cincinnati, but it drops progres- 
sively to the northeast of Ohio, where it is only 17%. Histoplasmin sensitivity is 
also about 13% greater in rural than in urban dwellers of Ohio.’® In Kentucky 
the over-all incidence of histoplasmin reactors among a large series of college students 
tested was 48%.'° In Tennessee positive histoplasmin skin tests were obtained in 
about 25% of a group of children under 1 year of age and in about 87% of the 10- 
to 14-year-old group.'? Histoplasmin sensitivity occurs in 55.9% of the natives of 
the northwestern part of Louisiana and in only 16.6% of the population in the rest 
of the state.’? 


* References 3-7. 
+ References 8-11. 
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Moreover, the outer borders of this major endemic area are not sharply demar- 
cated from nonendemic regions but fade off in intensity in all directions with 
increasing distance from the central endemic zone. This is manifested by histo- 
plasmin skin reactions in a relatively smaller, but still significant, percentage oi 
the population of states bordering those of high endemic proportions. For example, 
sensitivity to histoplasmin has been recorded in 11.5% of lifetime residents of 
Wisconsin **; in 14% of the residents of Michigan ’®; in 11.2% of natives of 
Pennsylvania,”° with an incidence as high as 30 to 48% in those from the south- 
eastern portions of Pennsylvania *!; in 13.9% of native children of Maryland *°; 
in 31.5% of adults in northern Mississippi and in only 12.8% of adults from the 
southern part of the state **; in 15% of a group of Negro children and in 4.4% 
of white children tested in Alabama **; in 2% of children *° and in 3.9% of persons 
of all ages in South Carolina.*® 

It can be seen from the statistical evidence both of the occurrence of the disease 
and of histoplasmin sensitivity that the geographic boundaries of the great endemic 
region in the United States extend beyond the core of highest endemic concentra- 
tion as previously outlined and that they may be more properly delimited by the 
Great Lakes in the north, the Gulf of Mexico in the south, the Mississippi, Missouri, 
and Arkansas Rivers in the west, and by the Appalachian Mountain Range in the 
east. In addition, significant endemic foci have been detected in parts of the country 
even beyond these broad geographic limitations. For example, in the west the 
prevalence of histoplasmin reactions is 7% in infants and children in Texas,?’ 
12.4% in natives of Colorado, * and about 3% in the population of northern Cali- 
fornia.’* Sizable endemic zones have also been detected in the northeastern part 
of New York State *° and bordering parts of Canada *° as well as in the north- 
western portions of New York State adjacent to Lake Erie, Lake Ontario, and 
the St. Lawrence River.*t A sporadic case of histoplasmosis has also been reported 
for the first time in a life-long resident of New England.*” 

In a broader sense, therefore, on the basis of the extensive but still incomplete 
epidemiological surveys carried out so far, it may be stated that at least two-thirds 
of the states of the United States, including all but some of the New England and 
some of the extreme northwestern states, can be considered as endemic for histo- 
plasmosis to some degree and for a variable geographic extent. The recent discovery 
of significant endemic foci far removed from the major endemic area in the midwest 
also suggests that future surveys will not only enlarge the endemic geographic 
distribution for histoplasmosis in the United States as presently mapped out but 
will probably also detect additional hitherto unsuspected endemic localities in 
Mexico, Canada, Central and South America, and in many countries outside of 
the Western Hemisphere as well. 


EPIDEMIOLOGY 


The fungus has been isolated from soil, where it has a saprophytic existence.t 
It has been found repeatedly in dogs, who may constitute an important reservoir 
of infection,§ as well as in other domestic animals, such as cats || and horses.{ It 


t References 33 and 34. 
§ References 35-38. 
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has been isolated from animals such as roof rats and house mice commonly found 
in close proximity to human habitation ** and from wild animals such as wild rats, 
ferrets, skunks, and opossums.# Posivive histoplasmin skin tests have been obtained 
in horses and cattle,*® which is further evidence of the existence of the infection 
in these domestic animals. The fungus can also be transmitted from one animal 
to another. This was clearly demonstrated experimentally when normal dogs with 
negative histoplasmin skin tests contracted the infection with development of 
histoplasmin sensitivity merely by being kept in cages adjacent to those occupied 
by both naturally and artificially infected dogs.*® Whether animals naturally con- 
tract histoplasmosis primarily from infected soil or after contact with other diseased 
animals is problematical. Probably both of these reservoirs play an important role 
in the transmission of the infection to animals. Certainly, it is apparent that a 
vicious cycle can be established whereby infected animals may contaminate soil 
with excreta containing the fungus, which can then serve as a source of infection 
for- others. The possible sources of infection of humans either by direct or indirect 
methods consequently are multiple. Histoplasma can be contracted by man directly 
from soil or from other forms of infectious organic dust. It is possible also for man 
to incur the disease through direct or indirect contact with infected animals. There 
are no acceptable case reports on record in which the development of histoplasmosis 
in man can be definitely attributed to such contact, but this is suggested in one 
instance by the finding of a diseased dog with which the affected child had been 
known to have been in frequent contact °° and by the discovery of three infected 
dogs and several infected mice in another household where histoplasmosis had 
occurred.*! Doubtless, if careful investigations as to the source of infection had 
been carried out more frequently, infected animals would have been discovered 
around households much more frequently than has been recorded. Transmission 
of histoplasmosis from one person to another during the acute or chronic stage 
has never been reported either, although this possibility is thereby not entirely 
ruled out. Moreover, it is possible that still another vector may play an important 
role in the transmission of histoplasmosis to man and animals, since it has been 
shown experimentally that ticks may contract the infection by feeding on blood 
of diseased dogs.*! As it has not been demonstrated that such infected ticks are 
capable of transferring the fungus to animals, the actual role of ticks in the epi- 
demiology of histoplasmosis is still questionable. 


PORTALS OF ENTRY 


In man the portals of entry are chiefly the alimentary and respiratory tracts, 
with infection through the skin, probably through an abrasion, constftuting a rarer 
method of invasion.®* The oral route is probably the major pathway for the infec- 
tion in infants and very young children, in whom there is a high incidence of 
oropharyngeal and intestinal lesions, with tendency to dissemination by the lympho- 
hematogenous route. In purely pulmonary forms of histoplasmosis there is no need 
to postulate that the fungus gained entry into the tissues of the lungs through the 
circuitous route of the gastrointestinal tract, especially since there has often been 
exposure to infectious organic dust immediately prior to the illness. Moisture pro- 
motes the growth of Histoplasma, with the result that the organisms are much 


# References 44-47. 
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more prevalent in damp than in arid regions, even of the same state. Histoplasmin 
sensitivity in man is also greater in moist than in dry sections of the country. For 
example, native histoplasmin sensitivity is very low in dry northwestern Kansas 
and very common in northeastern Kansas and northwestern Missouri, where the 
moisture content of the soil is more favorable for growth of fungi.®* Furthermore, 
epidemiological investigation has shown a definite relationship between the preva- 
lence of histoplasmin sensitivity and dampness of the home environment.** 


PATHOLOGY 


In general, histoplasmosis may produce a variety of pathologic changes in the 
lungs characterized by exudative, proliferative, and necrotic reactions. The exu- 
dative component consists of polymorphonuclear cells and lymphocytes, while the 
proliferative reactions are composed of a mixture of fibroblasts, tissue macrocytes, 
and new capillary formations. Where the inflammation is intense, necrosis may 
develop, but the necrotic material seldom liquifies. 


CLASSIFICATION 

Pulmonary histoplasmosis denotes disease of the lungs caused by infection with 
H. capsulatum. Inasmuch as a variety of pulmonary lesions may be caused by this 
fungus, the term pulmonary histoplasmosis is too general to describe the variable 
pathology of this disease, just as the term pulmonary tuberculosis alone cannot 
depict the multitude of structural changes which may be caused by the tubercle 
bacillus. Efforts have, therefore, been made to qualify the diagnosis of pulmonary 
tuberculosis according to the most prominent pathologic changes, roentgenologic 


features, and clinical manifestations, but this is not yet the common practice in 
histoplasmosis. Although any classification of histoplasmosis of the lungs will neces- 


sarily be an arbitrary one, it may nevertheless be useful in enabling us to recognize 
the common clinicopathologic patterns of the disease. The classification which is 
proposed is based on the pathogenesis of the pulmonary lesions, their roentgeno- 
graphi¢ appearance, and a determination of activity based not only on serial roentgen 
studies as to stability of the lesions but also on the clinical manifestations and specific 
laboratory findings. 
Pulmonary Histoplasmosis 
1. Benign primary infection form, resembling a primary tuberculous infection 
(a) Active 
(b) Inactive 
. Chronic reinfection form, resembling reinfection tuberculosis 
(a) Active 
(b) Inactive 
. Mediastinal form, resembling mediastinal lymphomata 
(a) Active 
(b) Inactive 
. Diffuse interstitial pneumonic form, resembling viral pneumonia or miliary tuberculosis 
(a) Active (sporadic or epidemic) 
(6) Inactive, residuals of sporadic or epidemic infection 


1. Benign Primary Infection Form of Pulmonary Histoplasmosis——(a) Active 
Stage: Generally this stage passes unrecognized, since mild initial infections usually 
cause few or no symptoms or clinical signs. This type of disease may be discovered 
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only on those infrequent occasions when a routine chest roentgenogram has been 
fortuitously taken during the relatively brief period of its occurrence. The roent- 
genograr may then reveal infiltrations which cannot be distinguished from areas 
of nonspecific bronchopneumonia or from tuberculous ‘infiltrates, especially when 
the upper thirds of the lungs are involved (Fig. 14). These infiltrations may 
persist a few days to several weeks and then apparently resolve completely. 

(b) Inactive Stage: The residuals of primary pulmonary histoplasmosis may 
be recognized for the first time on a routine chest roentgenogram taken many 
months or even years following the fleeting subclinical infection. Most commonly 
these residual lesions consist of pulmonary calcifications or fibrotic nodules with 
or without calcific centers (Fig. 1 B). Pathologically, the nodular lesions are chiefly 
the result of proliferative reactions. Grossly, they form round or oval masses which 
are firm in consistency and vary in size from a few millimeters to a few centimeters 


A B 


Fig. 1 (Case 1).—A, active stage of benign primary histoplasmosis of the lungs. Chest 
roentgenogram taken on April 24, 1946, reveals an infiltration in the left lung at the level of 
the third anterior rib. B, inactive stage of benign primary histoplasmosis of the lungs. Chest 
roentgenogram of same person on June 15, 1953, reveals a fibrotic sodule with central calcifica- 
tion, at the same site in the left lung which had been occupied by the infiltration seven years 
previously. The patient now has a positive histoplasmin skin test and negative tuberculin and 
coccidioidin skin tests. 


in diameter. They may be single or multiple and may be located in any portion of 
one or both lung fields. Microscopically, they consist of encapsulated granulomas. 
The inner surface of the fibrous capsule is lined by irregular layers of epithelioid 
cells, which are interspersed with an occasional giant cell of both Langhans and 
foreign-body variety. The center of the nodules may undergo focal necrosis within 
which Histoplasma may be found most abundantly, usually intracellularly in large 
mononuclear phagocytes.®°> When the lesions heal, calcium deposition begins in the 
necrotic centers. The resulting pulmonary calcification is often associated with 
calcification of the corresponding hilar lymph nodes, forming a healed primary 


complex roentgenologically similar to a healed primary tuberculous complex. In 
addition, these persons exhibit specific immunologic evidence of a previous infec- 
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tion with H. capsulatum, usually by the presence of a positive histoplasmin skin 
reaction and occasionally also in the form of a positive complement-fixation test 
for histoplasmosis. In many respects, therefore, both as to the asymptomatic clinical 
course ‘and as to the roentgenographic appearance during the active and healed 
stages, the initial pulmonary infection with H. capsulatum resembles a primary 
tuberculous infection. However, the enlargement and calcification of the hilar lymph 
nodes in healed primary pulmonary histoplasmosis may at times be so pronounced 
as to completely overshadow the minute corresponding calcification of the lung 
parenchyma (Fig. 2). At other times the pulmonary lesion may be the most promi- 
nent feature and may appear as a well-circumscribed round or oval density, a few 
millimeters to several centimeters in diameter, in any portion of the lung fields 


(Fig. 3). 


Figure 2 Figure 3 


Fig. 2 (Case 2).—Healed primary histoplasmosis complex. The striking feature of this 
chest roentgenogram is the disproportionately great enlargement with partial calcification of 
the hilar lymph nodes in comparison with the small calcific focus in the left lung at the level 
of the second anterior rib. The patient is histoplasmin-positive and tuberculin- and coccidioidin- 
negative. 

Fig. 3 (Case 3)—Healed primary histoplasmosis of the lungs, simulating a benign tumor. 
The chest roentgenogram reveals a rounded density, 2.5 cm. in diameter, with a central core of 
calcification, which is located in the right lung at the level cf the fifth anterior rib. The 
patient is histoplasmin-positive and tuberculin- and coccidioidin-negative. 


2. Chronic Reinfection Form of Pulmonary Histoplasmosis—(a) Active Stage: 
Although our knowledge of the epidemiology and pathogenesis of histoplasmosis 
is too incomplete to enable us to judge with certainty whether these chronic lesions 
may indeed be the result of repeated infections from exogenous or endogenous 
sources, this is highly probable in view of their close resemblance to reinfection 
tuberculosis, pathologically, roentgenologically, and clinically. On occasion the 
initial pulmonary infection with H. capsulatum will not follow the usually benign 
course of either resolving or healing by fibrosis and calcification but will progress 
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by local extension, producing chronic involvement of the lungs which is indis- 
tinguishable roentgenologically from reinfection tuberculosis. In this respect it 
resembles progressive primary tuberculous infection of the lungs, which may also 
produce chronic disease with the clinical and roentgenologic characteristics of 
reinfection form of tuberculosis. The pathological structure of this type of histo- 
plasmosis is that of a granuloma, which may undergo destructive changes. Usually 
necrosis is of minor degree, but on rare occasions it may be extensive and result 
in frank cavity formation which can be recognized on the roentgenogram. Long- 
standing chronic cavities may be thick-walled, the outer wall being composed of 
dense fibrous tissue and the inner layers consisting of epithelioid cells. The organ- 
isms are usually identified intracellularly in mononuclear macrophages within the 
necrotic parts of the cavity wall. At times a bronchial communication with the 
cavity may be demonstrable, which suggests the possibility of bronchogenic spread 
of the infection. Epithelioid tubercles and hyalinized necrotic foci may also be 
present in the vicinity of lymphatics and blood vessels, indicating potential lymphatic 
and hematogenous dissemination of the infection. These lesions may occur in any 
part of the lung fields. When the disease involves the adjacent pleura, pleuritis and 
occasionally pleural effusion will result. Although extensive cavitation is rare in 
chronic pulmonary histoplasmosis, it has been noted often enough in chronic infec- 
tion with H. capsulatum to make roentgenographic differentiation from tubercu- 
losis on this basis alone unreliable. Several excellent examples of this form of 
pulmonary histoplasmosis, which we have termed “chronic reinfection form,” have 
recently been reported.®® As a rare complication the infection may not only become 
chronic and progressive in the lungs but may also be disseminated by the lympho- 
hematogenous route to other organs, producing generalized histoplasmosis. 

(b) Inactive Stage: The progression of the chronic granulomatous lesions may 
be spontaneously arrested at any stage, and healing by fibrosis may take place, 
causing contraction of the involved segment or lobe of the lungs. Roentgenologically 
these findings cannot be differentiated from inactive chronic reinfection form of 
pulmonary tuberculosis. If this type of disease involves the lower portion of the 
lung fields, it may also be similar in its roentgen appearance to chronic pneumonitis 
with bronchiectasis, while its occurrence near the lung roots may simulate a broncho- 
genic carcinoma of the lung. 

3. Mediastinal Form.—The paratracheal and hilar lymph nodes are frequently 
involved in conjunction with both localized and diffuse histoplasmosis of the lungs. 
Occasionally the infection may be confined almost entirely to the mediastinal lymph 
nodes. This form of histoplasmosis is evidenced on the roentgenogram solely by 
mediastinal lymphadenopathy, which may persist unchanged for months or years. 
It has, therefore been confused with Boeck’s sarcoid, because of the similarity in 
the roentgen picture of the two conditions.* Since the tuberculin reaction may also 
be negative in persons with this form of histoplasmosis, the differentiation from 
Boeck’s sarcoid becomes even more difficult (Fig. 4). Unfortunately, in the past 
histoplasmin skin tests have not been performed routinely in cases of mediastinal! 
lymphadenopathy. A positive histoplasmin test in a negative tuberculin reactor 
can serve as a valuable clue that the enlargement of the mediastinal lymph nodes 
may be the result of chronic Histoplasma infection. Microscopic examination of a 


* References 57 and 58. 
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biopsied peripheral lymph node or a scalene node *’ in persons with chronic medi- 
astinal histoplasmosis usually reveals a nonspecific granuloma. This histologic pic- 
ture may, however, be interpreted as compatible with the diagnosis of sarcoidosis. 
Caution is, therefore, advised in ascribing a specific etiology to a granuloma of a 
lymph node, since chronic histoplasmosis is only one of many etiologic agents which 
may produce a similar histologic picture. The most certain way of differentiating 
histoplasmosis from sarcoidosis on microscopic examination of lymph nodes or 
other tissue sections is the identification of the yeast-like fungus. 

4. Diffuse Interstitial Pneumonic Form of Pulmonary Histoplasmosis.—(a) 
Active Stage: It is characterized by an acute nonspecific clinical course resembling 
that of a viral pneumonia. It is not surprising, therefore, that diffuse histoplasmosis 
of the lungs has so often been incorrectly diagnosed during the acute stage as 


Fig. 4 (Case 4).—Inactive stage of mediastinal’ form of pulmonary histoplasmosis. ‘The 
chest roentgenogram reveals enlargement of the right paratracheal lymph nodes, with no 
evidence of parenchymal involvement. Serial roentgenograms have revealed no change in this 
appearance over a period of four years. The patient is histoplasmin-positive and tuberculin- and 
coccidioidin-negative. 


“influenza” or “primary «typical virus pneumonia.” The following are the essential 
features of this form of histoplasmosis: The incubation period, though not pre- 
cisely determined, varices from 4 to 18 days, most commonly 7 to 10 days. Following 
prodromal symptoms of coryza and malaise lasting about 24 to 48 hours, the onset 
of the acute illness is abrupt, with chilly sensations or manifest chills and rapid 
rise of temperature, which may reach 103 to 106 F. and is associated with moder- 
ately increased pulse and respiratory rates. Other symptoms are also nonspecific, 
such as severe headaches, generalized arthralgia, and various degrees of prostration. 
A nonproductive cough and occasional sharp chest pains may be the only presenting 
symptoms referable to the respiratory system. The general physical examination 
is not helpful for diagnosis, as a rule. Enlargement of peripheral lymph nodes, 


liver, or spleen is rarely noted during the early stages of the disease, when it is 
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limited to the lungs. If the infection becomes protracted and dissem‘nated, lympha- 
denopathy, hepatomegaly, and splenomegaly, in association with progressive anemia 
and leucopenia, may be common manifestations of the generalized involvernent of 
the reticuloendothelial system. Formerly, disseminated histoplasmosis was the only 
stage of the disease which was recognized clinically. This has been responsible for 
the general impression that systemic dissemination of the infection is the typical 
occurrence in histoplasmosis, whereas in fact it is only an infrequent and severe 
complication. The physical findings of the chest are scant and not diagnostic. Scat- 
tered rhonchi and diminished breath sounds may be the only abnormal physical 
findings of the chest elicited at this time. In contrast with the sparsity of the physi- 
cal findings, the chest roentgenogram will reveal extensive bilateral interstitial 
pneumonitis, miliary or patchy in appearance and often associated with enlargement 
of the hilar lymph nodes (Fig. 5 4). In the moderately severe form the white blood 
cell count is normal or moderately elevated, with an essentially normal differential 
count. In severe and fatal types there is usually a leucopenia, with reduction in 
polymorphonuclear leucocytes and preponderance of lymphocytes. The sedimenta- 
tion rate is elevated during the febrile period and for a time up to several weeks 
after subsidence of the fever. In those who recover spontaneously the acute phase 
of the illness and high fever last about one week to 10 days. The symptoms then 
gradually subside, while the temperature continues to fluctuate at a lower level (99 
to 100 F.) for one to three weeks longer. Convalescence may be prolonged for many 
weeks and is commonly characterized by considerable asthenia and many nonspecific 
complaints. The pulmonary lesions as observed on serial roentgenograms reach 
their maximum intensity in about two weeks. Thereafter they begin to resolve, 
leaving a fine nodular fibrosis at the end of 6 to 10 weeks (Fig. 5 B). 

(b) Inactive Stage: Follow-up studies of six months to one year may reveal 
no change in the roentgen appearance of the nodular lesions, leading to the impres- 
sion that they represent the end-stage of the interstitial pneumonitis. However, 
long-term follow-up studies, of 18 months to several years, may disclose gradual 
replacement of the nodular densities by calcium, producing miliary calcifications as 
the end-stage of this condition (Fig. 5 C). Calcification begins centrally, and when 
it is incomplete the dense calcific center of the nodules surrounded by a radiolucent 
zone of fibrosis produces a “halo” effect on the roentgenogram, which has been 
described as one of the characteristic roentgen features of histoplasmosis. Although 
the presence of a “halo” in nodular lesions should always arouse suspicion of histo- 
plasmosis, we must be aware that this sign does not characterize all circumscribed 
lesions of histoplasmosis. Follow-up studies reveal that complete calcification of the 
smaller nodules may take place eventually, thus obliterating the “halo” effect. At 
times the active phase of diffuse interstitial pulmonary histoplasmosis may be pro- 
tracted in subacute or chronic form for months, with ultimate resorption when the 
disease pursues a favorable course or progression to fatal termination in others. 


For many years this form of histoplasmosis was considered as a sporadic disease. 

It has since been pointed out that this disease can also appear in epidemic form. 
Such an epidemic occurred at Camp Gruber in March, 1944, although its true 
nature was not recognized at the time and it was reported as “An Unusual Pul- 
monary Disease” of unknown etiology.®° A follow-up study of one of these patients 
six years later revealed the clinical, immunological, and roentgenological features 
979 





M. A. ARCHIVES OF INTERNAL MEDICINE 





of healed pulmonary histoplasmosis, suggesting that the unknown acute pulmonary 
disease which had affected the other members of this group simultaneously in the 
localized but explosive outbreak had also been histoplasmosis.*' Since the disease 
vas capable of causing one epidemic, it would be logical to expect that it may also 
have manifested itself in other previously unrecognized epidemics. So far, 13 


Fig. 5 (Case 5).—A, active stage of sporadic 
form of diffuse Histoplasma pneumonitis. The 
chest roentgenogram, taken on May 17, 1943, 
at onset of illness, reveals bilateral diffuse 
patchy pneumonitis with enlargement of the 
hilar lymph nodes. B, chest roentgenogram of 
the same person on Aug. 24, 1943, reveals 
residual diffuse pulmonary fibrosis. C, inactive 
stage of diffuse Histoplasma pneumonitis. The 
chest roentgenogram of the same patient taken 
on Dec. 15, 1953, reveals calcifications diffusely 
scattered throughout both lung fields. The 
patient has a strongly positive histoplasmin 
skin test, a weakly positive tuberculin skin 
test, and a negative coccidioidin skin test. The 
complement-fixation test for histoplasmosis is 
positive in 1:60 dilution. 


epidemics of acute pulmonary disease which occurred between 1938 and 1952 have 
been investigated and identified as histoplasmosis. The fungus has also been isolated 
from the soil in the location of most of these outbreaks, thus further strengthening 
the evidence that these epidemics were caused by Histoplasma infections.** We can 
see, therefore, that the diagnosis of diffuse pulmonary histoplasmosis, whether it 
occurs sporadically or in epidemic form, cannot be made on the basis of clinical 
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and roentgenographic findings alone, since they are not sufficiently characteristic. If 
H. capsulatum is suspected as the cause of a severe bilateral pneumonitis, the 
appropriate laboratory tests must be carried out in a purposeful manner in order 
to confirm the clinical impression. Where histoplasmosis is not seriously thought 
of, the condition is usually attributed to a viral pneumonia of undetermined type. 
The correct diagnosis may then be made accidentally when sputum, gastric contents, 
blood, bone marrow, or material aspirated from other tissues, such as lymph nodes, 
liver, or spleen, which had been sent to the laboratory for routine studies, reveal 
H. capsulatum on culture or on microscopic examination of smears and sections. 
The percentage of negative laboratory reports in unsuspected cases of histoplas- 
mosis, where the procedure had been carried out in a routine fashion and the 
technician had not been alerted to a specific search for the fungus, must indeed 
be large. On the other hand, if histoplasmosis is under definite consideration, 
proper precautions can be taken to minimize false negative results due to faults 
collection of sputum and gastric contents, improper cultivation on artificial media. 
or imperfect technique in the microscopic examination of smears and _ histologic 
sections. For example, the fungus cannot be successfully cultured from sputum if 
it is allowed to stand exposed to the air longer than 48 hours.®* Also, prompt neu- 
tralization of the acid gastric contents is necessary if a high proportion of successful 
positive cultures is to be isolated from such specimens. 


BACTERIOLOGY 


The minimum cultural requirements consist of inoculation of blood agar for 
incubation at 37 C. as well as inoculation of Sabouraud’s glucose agar for growth 
at room temperature. Sabouraud’s medium consists of glucose agar of pH 5.5 to 
6.0. The acidity of this medium serves to inhibit growth of bacteria more than of 
fungi, which makes it a selective medium for culture of fungi from contaminated 
material. Actually, however, Histoplasma may find the acidity inhibitory to their 
growth also, and for this reason a medium which would favor growth of all fungi 
has been developed, the basic ingredients of which consist of hormone agar of 
pH 7.0 to which 6% sterile blood has been added.** To prevent overgrowth by 
contaminating bacteria from material such as sputum, 2 units of penicillin and 10 
units of streptomycin should be added to each milliliter of medium. in addition 
to the inhibitory effect on certain bacteria which is exerted by streptomycin, it 
also has the property of enhancing the growth of H. capsulatum.®* The yeast-like 
phase develops at 37 C. The growth which appears in about two weeks is creamy 
white in appearance. On microscopic examination it is seen to be composed of 
minute round or oval bodies 1 to 5 » in diameter, which have a dense granular 
center containing a vacuole and are bordered by a clear, refractile capsule. In the 
tissues these yeast organisms are usually visible in the cytoplasm of mononuclear 
macrophages of the reticuloendothelial system and only occasionally in polymor- 
phonuclear cells. Staining with Giemsa or with hematoxylin and eosin stains will 
demonstrate the intracellular organisms clearly. With these methods the center of 
the fungus takes the basophilic stain, outlining the achromatic capsule peripherally. 
The central chromatin mass is also mildly Gram-positive and acid-fast when treated 
with the appropriate stains. Most laboratories may find it more convenient to use 
the ordinary staining methods in the routine microscopic examination for fungi, 

981 








A. M. A. ARCHIVES OF INTERNAL MEDICINE 


since these will yield good results when the organisms are numerous. For the best 
opportunity of identifying Histoplasma, especially when they are sparsely dis- 
tributed, employment of selective stains for fungi, such as the periodic-acid-Schiff 
stain,*’ is recommended. This method has the advantage of staining the organisms 
more distinctively, which makes their identification easier and more definite when 
they are present in few numbers. H. capsulatum appears in the tissues of man and 
animals as a yeast-like organism, while it occurs in nature in the mycelial form. 
The mycelial phase flourishes at room temperature, producing a cottony-white 
growth which turns brown with age. Microscopic examination reveals fine septate 
hyphae which may bear pyriform conidia. In older cultures the characteristic tuber- 
culate chlamydospores 8 to 14 » in diameter may also be present. Transplanting 
the mycelial growth to blood agar in tightly sealed slants with incubation at 37 C. 
will cause reversion of the organism to its yeast-like stage of development.} Detect- 
ing the yeast phase of H. capsulatum in tissue sections also presents technical 
difficulties. On the one hand, the fungus may be so sparsely distributed in the 
tissues that a long and diligent search may be required in order to identify an 
occasional organism, while at other times the yeast-like bodies may be packed in 
such numbers within the cytoplasm of mononuclear cells that the individual 
morphology of the fungus may be obscured and difficult to recognize. These possi- 
bilities must, therefore, be kept in mind while the microscopic examination is being 
performed. 
COMPLEMENT-FIXATION TEST 

Other laboratory tests which may point to a previously unsuspected diagnosis 
of histoplasmosis are the complement-fixation test and the histoplasmin skin test. 
There are several techniques for performing the complement-fixation test. The yeast- 
phase antigen © or the extract antigen of the yeast-iike cell are most commonly 
employed in this procedure.t A collodion-agglutination test has also been devised.”* 
A positive complement-fixation test for histoplasmosis may be an unexpected find- 
ing when a series of serologic tests is ordered as a routine procedure. A positive 
test in the higher dilutions is usually accepted as diagnostic, while a negative sero- 
logic test for histoplasmosis may satisfy the clinician that another cause for the 
illness had been ruled out. It is often not appreciated that the complement-fixation 
test may be negative early in the acute stage of the disease, since insufficient time 
may have elapsed for the production of antibodies in quantities which can be 
measured by our present methods. One negative complement-fixation test for histo- 
plasmosis during an acute illness does not rule out infection with H. capsulatum. 
Repeated tests at intervals are required before a negative reaction can be considered 
of significance. In the presence of overwhelming infection and in cachectic and 
moribund patients even repeated serologic tests may be negative, as the result of 
depression of all immunologic responses.” If serial tests are performed, the com- 
plement-fixation reaction may be converted from negative to positive when the 
fever is reduced and signs of clinical improvement appear. If the complement- 
fixation test is positive initially, subsequent examination may reveal a significant 
change in the titer in either direction, depending on the clinical progress. 


+ References 67 and 68. 
t References 70 and 71. 
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HISTOPLASMIN SKIN TEST 


Since the histoplasmin skin test may be similarly negative during the height 
of the disease,”* one negative skin reaction cannot be depended upon to rule out 
the diagnosis of histoplasmosis during the acute stage. Ratier, it is advisable to 
repeat the test at 7- to 10-day intervals during the acute illness and convalescence 
if the reaction is persistently negative. Sensitization with histoplasmin is not a 
factor in subsequent conversion of a negative to a positive intradermal reaction, 
since this phenomenon was not observed in retesting thousands of negative histo- 
plasmin reactors over a period of two years.*® The histoplasmin skin test is of 
greatest value in detecting chronic or recovered cases, since skin allergy to histo- 
plasmin persists indefinitely in the majority. A positive histoplasmin skin reaction 
is a highly specific indicator of antecedent infection with H. capsulatum when good 
antigens in proper dilution are used. The standard procedure for performing the 
skin test is to inject 0.1 cc. of a 1: 100 dilution of fresh well-standardized histo- 
plasmin antigen intradermally on the volar surface of the forearm, employing a 
tuberculin syringe and 26 gauge needle. The test is considered positive if induration 
of at least 5 mm. in diameter, with or without a surrounding erythematous zone, 
is present 48 hours later, when the result is observed. It is preferable to perform 
a series of intradermal tests at one time, employing tuberculin, histoplasmin, 
coccidiodin, and possibly other fungus antigens, such as blastomycin, since histo- 
plasmin sensitivity is of far greater significance when it is associated with both a 
negative tuberculin test and negative skin tests for other fungi. Under these circum- 
stances a false positive local histoplasmin reaction due to a cross reaction with 
related fungi is a negligible factor. However, if any question should arise as to the 


specificity of the histoplasmin reaction, the test may be repeated in a 1: 1,000 dilu- 
tion. In persons with previous infection with H. capsulatum a positive reaction will 
still be obtained with the higher dilution, while cross reactions produced by other 
fungi will not be evident now. Care should be taken that separate syringes are used 
in testing with each antigen, since the slightest contamination of a syringe by 
another antigen may be responsible for false positive reactions. 


DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 

Histoplasmosis must be considered in the differential diagnosis of many pul- 
monary conditions. In general, the diagnosis is based on the absence of clinical and 
laboratory findings characteristic of other conditions plus positive proof of infec- 
tion with H. capsulatum, either by isolation of the organism on culture or its 
demonstration in smears or tissue sections. Positive complement-fixation tests for 
histoplasmosis in significant titers may also suggest the diagnosis, particularly dur- 
ing the acute phase. A positive histoplasmin skin test associated with characteristic 
roentgen signs of the chest may also point to the diagnosis, especially during the 
chronic and inactive stages of the disease. At times the differentiation may only 
be possible after prolonged study. 

1. Primary Pulmonary Histoplasmosis——(a) Acute Phase: This must be dif- 
ferentiated from a tuberculous infiltration and from pneumonitis of viral or bacterial 
origin. In persons with pulmonary tuberculosis, the tuberculin skin test is positive 
and acid-fast bacilli may be demonstrated in the sputum or gastric contents. Bac- 
terial pneumonitis is usually associated with a polymorphonuclear leucocytosis, and 
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the causative agent can be isolated and identified by careful bacteriological exami- 
nation of the sputum. Prompt clinical and roentgenographic improvement of the 
pneumonitis will follow administration of specific aatibiotic or chemotherapeutic 
agents. Small areas of pneumonitis of viral etiology are more difficult to diagnose, 
since ‘the clinical findings may not be of any help. Characteristically, the areas of 
infiltration resolve spontaneously relatively rapidly, within a few days to several 
weeks. Specific clinical response to chlortetracycline (Aureomycin) or oxytetra- 
cycline (Terramycin) therapy may also be observed. 

(b) Inactive Stage: This requires differentiation from a healed primary tuber- 
culous complex and from the residuals of coccidioidomycosis. Skin tests can be 
decisive in this differentiation, especially if the histoplasmin test is positive and the 
tuberculin and the coccidioidin tests are negative. When the nodules are larger and 
contain calcific centers they may resemble tuberculomas or, benign tumors such as 
hamartomas. Here again, intradermal tests with histoplasmin, tuberculin, and coc- 
cidioidin may be of inestimable value in clarifying the diagnosis. The form of 
histoplasmosis of the lungs which is characterized by large rounded areas without 
central calcification may be similar in appearance to almost any benign tumor of 
the lung or may even resemble a circumscribed peripheral carcinoma. Clues to the 
differential diagnosis may be found in a history of residence in a highly endemic 
area and in the presence, on chest roentgenograms taken months or years previ- 
ously, of an infiltration at the site of the current fibrosis or calcification. At other 
times review of previous chest roentgenograms may reveal a similar rounded density 
in existence for so long a time as to eliminate the possibility of a malignant tumor. 


Metastatic tumors of the lungs may be mimicked roentgenologically by lesions of 
histoplasmosis when they are in the form of multiple rounded masses. Here again, 
the history of residence in areas where endemic infection is very common, review 
of antecedent roentgenograms, and skin testing may help to determine the correct 


diagnosis. 

2. Chronic, Reinfection Type of Pulmonary Histoplasmosis—This form, dur- 
ing both the active and inactive stages, may be indistinguishable roentgenologically 
from reinfection type of tuberculosis. Isolation of Histoplasma on culture of sputum 
‘or gastric contents will be the definitive means of diagnosing histoplasmosis, while 
culturing acid-fast bacilli from these specimens will establish the diagnosis of 
tuberculosis. On occasion the problem of diagnosis is complicated by the fact that 
both active histoplasmosis and tuberculosis coexist in the same patient.” Other 
conditions which may have to be considered in the differential diagnosis are chronic 
lung abscess, chronic pneumonitis with bronchiectasis, and other varieties of chronic 
fungus infections of the lungs. The clinical course; special roentgenographic pro- 
cedures, such as bronchography, and specific bacteriologic and mycologic findings 
of sputum and gastric contents will generally make it possible to establish the cor- 
rect diagnosis. A positive complement-fixation test for histoplasmosis in the higher 
titers may corroborate the diagnosis, while positive serologic findings in the lower 
dilutions are of questionable significance. 

3. Mediastinal Form of Histoplasmosis.—This condition should be differenti- 
ated from sarcoidosis, Hodgkin’s disease, and other lymphomata, as well as from 
benign and malignant mediastinal tumors. Although all of these conditions may 
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produce essentially similar roentgenographic pictures of mediastinal lymph node 
enlargement, many of these diseases have characteristic systemic features or 
specific laboratory findings whica will distinguish them from histoplasmosis. Micro- 
scopic examination of a biopsied peripheral lymph node or a scalene node frequently 
will be the only means of establishing a definite diagnosis. Finally, surgical explora- 
tion may be necessary in order to rule out a mediastinal tumor of benign or malig- 
nant variety. 

4. Diffuse, Interstitial Pneumonic Form of Pulmonary Histoplasmosis—(a) 
Acute Phase: This requires clinical and laboratory distinction from miliary tuber- 
culosis, influenza, primary atypical pneumonia, psittacosis, and Q fever. Differen- 
tiation from acute miliary tuberculosis may be based on absence of tubercle bacilli 
in the bone marrow, urine, spinal fluid, sputum, and gastric contents, as well as by 
lack of associated extrapulmonary tuberculous involvement of serous membranes, 
organs of the genitourinary tract, osseous system, lymph nodes, and meninges. 
Moreover, roentgen evidence of miliary pneumonitis is observed only infrequently 
in the course of acute histoplasmosis of the lungs. Histoplasmosis also shows no 
response to streptomycin or other specific antituberculous agents. A point of dif- 
ferentiation from atypical viral pneumonia is the absence of cold hemagglutinins or 
agglutinins for Streptococcus MG in the second and third week of illness and during 
convalescence. The diagnosis of influenza may be suspected during outbreaks on 
epidemiological grounds and may be confirmed by positive complement-fixation 
tests for influenza A or B virus. Isolation of the specific A or B virus from throat 
washings early in the disease following inoculation of chick embryos can establish 
the diagnosis with certainty, but this is not a practical procedure and is one which 
most laboratories are not equipped to perform. Histoplasmosis can be differentiated 
from psittacosis by negative complement-fixation tests for psittacosis and by nega- 
tive protection tests against the ornithosis-lymphopathia virus group. Histoplasmosis 
may be distinguished from Q fever by the absence of specific agglutinins and com- 
plement-fixing antibodies for Coxiella burnetti on serological examination. Further- 
more, the pneumonitis of Q fever is usually limited to a small portion of one lobe, 
while the involvement of the lungs by the acute pneumonic form of histoplasmosis 
is generally diffusely distributed bilaterally. A further aid in the diagnosis is the 
prompt response of Q fever to chlortetracycline or cloramphenicol therapy. Isolation 
of Histoplasma is, of course, the best way of establishing the diagnosis of histo- 
plasmosis beyond doubt. 

As pointed out previously, histoplasmosis occurs most commonly in the large 
endemic centers in the midwest, with lesser endemic foci present in other widely 
scattered parts of the United States. Due to the speed of travel by automobile, 
rail, and air, it is apparent that a person may contract the infection with H. capsu- 
latum while in an endemic zone of high prevalence but return to his home, which 
may be in a distant part of the United States or in a foreign country, while still 
harboring the infection in the incubation stage. Symptoms and signs of illness may 
first appear several days or even one or two weeks following arrival at his home. 
Since acute histoplasmosis may never have been known to occur in the home 
environment, this possibility may not be entertained even remotely in the diagnosis 
nor may the development of the illness be associated with the previous travel. For 
this reason, it is worth emphasizing that histoplasmosis should be considered not 
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only in the differential diagnosis of chronic pulmonary conditions but also in the 
diagnosis of any acute pneumonitis of obscure origin, whether or not the illness 
occurs in a presently recognized endemic region. 

(b) Inactive Phase: The residuals of the diffuse »aeumonic form of histo- 
plasmosis generally appear on the chest roentgenogram as miliary fibrotic nodules 
or calcifications. In the past, the diagnosis of acute diffuse pulmonary histoplasmosis 
has often been missed, with the result that the discovery of the residuals of these 
infections on routine roentgenographic examination months or years later has 
frequently been the first inkling of the existence of pulmonary disease. These 
miliary lesions require differentiation from similar lesions resulting from such 
conditions as healed miliary tuberculosis, sarcoidosis, berylliosis and trom residuals 
of other fungus infections capable of producing disseminated granulomatous disease 
of the lungs. Temporary or prolonged residence in an endemic area of high concen- 
tration, especially when there is a‘history of an acute pulmonary disease during 
such residence ; review of past roentgenograms; skin testing with tuberculin, histo- 
plasmin, and other fungus antigens, and specific complement-fixation tests may aid 
in establishing the diagnosis of histoplasmosis. 


TREATMENT 

In recent years great progress has been made in clarifying the epidemiology and 
the variety of clinical features of histoplasmosis. Efforts at therapy, however, have 
not met with even a small measure of the success achieved in elucidating the clinica] 
aspects of histoplasmosis. 

Medical Treatment.—At the present time there is no specific treatment of histo- 
plasmosis, although many chemical agents and a variety of antibiotics have been 
tried. Metallic compounds, such as mercurials, arsenicals, and antimony compounds, 
have proved ineffective. A chemical compound worth mentioning specifically is a 
diamidine derivative known as stilbamidine, since beneficial effects have been 
reported following the use of this agent in the treatment of histoplasmosis.”’ This 
substance has a suppressive effect on growth of fungi in vitro, but the clinical 
evidence is not sufficiently conclusive to indicate that the slight temporary improve- 
ment which has been noted at times can be credited to the administration of this 
drug. Sulfonamides and sulfone derivatives such as glucosulfone sodium (Promin) 
and antibiotics such as penicillin, streptomycin, chlortetracycline, and chlorampheni- 
col have been administered without success. Antibiotic substances with fungicidal 
properties such as cycloheximide (Acti-Dione), which is derived from fermentation 
of Streptomyces griseus,”* and bacillomycin, which is derived from growth of 
Bacillus subtilis,”® have also failed to produce a radical alteration of the course of 
the disease, although some evidence of temporary local or systemic improvement 
has occurred in a few of the patients treated in this manner. Nitrogen mustard 
(methyl-bis [8-chloroethyl]amine hydrochloride) and radiation therapy have also 
proved of no benefit. Favorable results have been reported in 5 of 12 infants suffer- 
ing from severe disseminated histoplasmosis *° and in an adult with progressive 
disseminated disease *' following treatment with ethyl vanillate. Unfortunately, this 
chemical substance, which is the ethyl ester of vanillic acid, is extremely toxic to 
the liver, kidneys, myocardium, adrenal glands, and other vital organs when its 
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narrow therapeutic range is exceeded. At most, therefore, its trial may be justified 
in patients with progressive disseminated histoplasmosis, in whom, on the basis of 
past experience, the disease has usually proved fatal. 

Surgical Treatment.—Reports have appeared in the literature of resection of 
a chronically diseased lobe or lung segment due to histoplasmosis.§ Most of these 
cases have been considered as tuberculous preoperatively, but at times the diagnosis 
of histoplasmosis has been suggested prior to operation after H. capsulatum has 
been cultured from sputum. Examination of the resected specimens generally 
revealed chronic granulomata with the fungus present intracellularly in large mono- 
nuclear phagocytes. Recovery ultimately followed the operative procedures. The 
indications for resection of chronic histoplasmosis of the lungs generally are about 
the same as those for chronic pulmonary tuberculosis, namely, the persistence of 
an unstable, chronic, necrotic lung lesion as demonstrated on serial roentgenograms 
and preferably confirmed by tomograms. The demonstration of H. capsulatum in 
the sputum on repeated examinations should strengthen the advisability of resec- 
tion. Chronic histoplasmotic infection must be well localized in order that resection 
of the diseased portion may be feasible. Pulmonary function studies are indicated, 
especially when extensive procedures such as lobectomy may be contemplated, to 
insure that not only will the patient be able to withstand the operation but that he 
will also have adequate pulmonary function reserve for a comfortable life thereafter. 
The general condition of the patient must, of course, be such as to permit surgical 
intervention. 

Suggested Therapy.—Since there is no specific form of therapy available at 
this time, a therapeutic suggestion is offered for trial in severe, disseminated forms 
of the disease. This consists in the administration of cortocotropin (ACTH) as a 
lifesaving measure in the presence of high fever and severe toxemia. Search of the 
current literature has failed to reveal any instance of the use of corticotropin in 
acute systemic histoplasmosis. However, a parallel may be drawn from the prompt 
reduction of fever and toxemia in acute infections with viral and bacterial agents 
following administration of corticotropin or cortisone. These beneficial effects are 
the result of alteration in the host’s reaction to infection, while the basic underlying 
pathologic processes remain unchanged. Their trial in disseminated histoplasmosis 
would be similarly justified, not as a curative procedure but for the purpose of 
reducing the fever and toxemia and enabling the person to survive long enough 
to allow his natural powers of immunity to come into play and arrest the infection. 


SUMMARY 


Histoplasmosis of the lungs occurs chiefly in a benign form which may escape 
clinical recognition, but it is also capable of causing, not infrequently, serious acute 


and chronic lung involvement. 

A simple classification of pulmonary histoplasmosis is presented, based on the 
appearance of the lesions on chest roentgenograms plus the clinical, laboratory, and 
serial roentgen evidence of activity or inactivity of the infection. 

Histoplasmosis is most prevalent in the Mississippi, Ohio, and Missouri River 
Valleys, which constitute the major endemic zone for this disease. Lesser geographic 
foci have been discovered in recent years in the United States, far removed from 


§ References 82 and 83. 
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the major endemic region, as, for example, in the northern parts of New York 
State. Undoubtedly, still other endemic foci will be mapped out through further 
epidemiological surveys. The wide distribution of the known endemicity in the 
United States, involving at least two-thirds of the states, and the ease and speed 
of travel have decreased the significance of strictly geographic limitations for this 
disease. 

Not only can the residuals of previously unrecognized histoplasmosis, which 
had been contracted in an endemic zone, be discovered in the population of any 
section of this country ** but the acute stages of pulmonary histoplasmosis may first 
manifest themselves in a nonendemic locality. The incubation period of one to two 
weeks allows a person ample time to travel a considerable distance fron the endemic 
location, where the infection may have been contracted, before manifesting symp- 
toms or signs of illness. For this reason, when the acute illness develops it may not 
be associated with the previous travel and may cause serious confusion in diagnosis. 

The variety of appearances of histoplasmosis may simulate almost any form of 
acute or chronic disease of the lungs. It behooves the clinician, therefore, to be 
aware that histoplasmosis, whether it be acute or chronic and whether it be mild 
or severe in its extent and clinical manifestations, may occur not only in any part 
of the United States but also in other countries of North, Central, and South 
America and in many countries outside of the Western Hemisphere as well. 

If the possibility is kept in mind that histoplasmosis may be the causative agent 
of an acute or chronic pulmonary disease of obscure nature occurring in any part 
of the country, appropriate laboratory studies can be carried out to help confirm 
the clinical impression. 

Owing to technical difficulties in isolating the organism, it is advisable that the 


laboratory be apprised specifically when a search for H. capsulatum is to be made. 
In this way negative results due to faulty technique may be minimized. 


A positive complement-fixation test for histoplasmosis in the higher titers may 
be of considerable confirmatory value during the acute stage. However, one nega- 
tive test during the acute phase does not exclude the diagnosis of histoplasmosis. 
Serial tests should be performed during the acute illness and during convalescence 
in order to detect conversion of a negative to a positive serologic reaction. When 
the test is initially positive, serial repetition at intervals may also be of value in 
detecting a rise or fall in titer. During the chronic phase of the disease this serologic 
test cannot be relied upon for the diagnosis of histoplasmosis, since it is usually 
either negative or only positive in low dilutions. However, when a reaction in a 
high titer is obtained in persons with chronic pulmonary disease this finding can 
be of considerable diagnostic significance. 

The histoplasmin skin test finds its greatest usefulness during the chronic 
inactive stage of the disease, since skin sensitivity will persist indefinitely in the 
majority after the infection has been contracted. Histoplasmin skin tests should 
not be performed independently, but in combination with the intradermal tuberculin 
and coccidioidin tests and, if possible, with skin tests for other fungi. A positive 
histoplasmin skin test is of greatest significance when it is associated with a nega- 
tive reaction to tuberculin, coccidioidin, and other fungus antigens, since the possi- 
bility of false reactions due to cross sensitivity with related fungi is thereby 
minimized. 
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CONCLUSIONS 

Present studies indicate that histoplasmosis is a disease of prime importance in 
the United States in producing both acute and chronic disease of the lungs. Future 
studies may reveal that it is also of far greater frequency and significance in other 
parts of the world than is presently realized. In time, therefore, histoplasmosis may 
be recognized in its proper stature as a major cause of pulmonary disease through- 
out the world. 

REPORT OF CASES 

Case 1.—A 41-year-old white man, native of New York City, served in the United States 
Army from 1943 to 1946 and was stationed in Indiana during the latter part of his service. He 
had no illness during military service which required hospitalization. All chest roentgenograms 
taken during service had been interpreted as normal. However, a review of these roentgenograms 
disclosed that, whereas those taken in 1943 and 1944 were normal, the routine chest roentgeno- 
gram taken at time of discharge in April, 1946, revealed an infiltration in the left lung field at the 
level of the second anterior intercostal space (Fig. 14). 

Routine chest roentgenograms taken in 1952 and 1953 disclosed a fibrotic nodule with central 
calcification in the left lung at the site of the previous infiltration (Fig. 1B). The patient is 
asymptomatic, and his physical examination is negative. The histoplasmin skin test, using 
1:100 dilution, is strongly positive, while the coccidioidin skin test in 1:100 dilution and the 
second-strength tuberculin test (0.005 mg. PPD) are negative. Complement-fixation tests for 
histoplasmosis and blastomycosis are negative. 


Comment.—The entire clinical and roentgenological course is typical of benign 
primary form of Histoplasma infection of the lungs. During the active stage the 
infiltration may be easily overlooked roentgenologically. The importance of an 
actual review of the antecedent roentgenograms, whenever a previously unsuspected 


pulmonary lesion is detected, is clearly brought out here. The increased diagnostic 


value of performing a series of skin tests at one time is also demonstrated in this 
case. This patient has been followed for one year, with no change in the roentgen 
appearance of the healed pulmonary lesion. 


Case 2—A 24-year-old) white man, native of New York City, spent his childhood in 
New York City and part of his adult life in the northern part of New York State. He gave 
no history of any acute pulmonary disease in the past which required hospitalization. Enlarge- 
ment and calcification of the left hilar nodes and a small calcification in the left lung at the 
level of the second left anterior rib was first noted on an Army induction chest roentgenogram 
taken in October, 1945. Follow-up roentgenograms taken since then up to 1953 have revealed 
no increase in the size of the mediastinal mass and no change im the appearance of the pulmonary 
calcification (Fig. 2). The patient is asymptomatic. His physical examination is normal. The 
histoplasmin skin test, using 1:100 dilution, is strongly positive; the coccidioidin skin test, 
using 1:100 dilution, and the second-strength tuberculin test (0.005 mg. PPD) are negative. 
The complement-fixation test for histoplasmosis, using the extract antigen of the yeast-like 
phase, is positive in a titer of 1: 100. 

Comment.—This is an example of a healed primary complex type of pulmonary 
histoplasmosis, where the outstanding feature is the disproportionately great resi- 
dual enlargement and calcification of the hilar lymph nodes in comparison to the 
small pulmonary calcification. This case also demonstrates that skin tests are invalu- 
able in differentiating a healed primary histoplasmosis complex from a_ healed 
primary tuberculous complex. 

Case 3.—A 38-year-old white man, native of New York City, served in the United States 


Army from 1942 to 1946, being stationed for one year in Tennessee and for one year in 
Kentucky. He gives no history of an acute illness requiring hospitalization during his military 
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service. The induction chest roentgenogram, taken in October, 1942, was normal, while the 
discharge chest roentgenogram, taken in February, 1946, revealed a rounded density about 
4 cm. in diameter in the right lower lung field at the level of the sixth anterior rib. A routine 
chest roentgenogram taken in 1949 revealed no change in the size of the rounded density, but 
central calcification was now apparent. Serial chest roentgenograms taken from 1949 to 1953 
revealed no essential change in the size or appearance of this density (Fig. 3). The patient is 
asymptomatic. The physical examination continues to be negative. The histoplasmin skin test, 
using 1:100 dilution, is strongly positive, while the coccidioidin skin test, using 1:100 dilution, 
and the second-strength tuberculin test (0.005 mg. PPD) are negative. The complement- 
fixation tests for histoplasmosis and blastomycosis are negative. 


Comment.—This is an example of a healed primary pulmonary infection with 
H. capsulatum, where the involvement is confined to a solitary rounded lesion in 
the pulmonary parenchyma. Central calcification of a histoplasmotic pulmonary 
nodule may not become apparent roentgenologically until one to several years after 
healing by fibrosis has taken place. In this case calcification was not noted in 1946 
but was apparent on a roentgenogram taken in 1949. The combination of a strongly 
positive histoplasmin skin test and negative coccidioidin and tuberculin skin test 
points to histoplasmosis as the etiological agent of the rounded density in the right 
lower lung field. 

Case 4.—A 37-year-old white man, native of New York City, served in the United States 
Army from May, 1941, to September, 1945, being stationed in Kentucky, Tennessee, and 
Arkansas from 1941 to 1944. In 1941 he was hospitalized for one week for an acute illness 
with high fever which was diagnosed as an upper respiratory infection. Although all chest 
roentgenograms during military service had been reported as normal, review of these roentgeno- 
grams revealed the presence of right paratracheal lymph node enlargement at time of discharge, 
in September, 1945. A routine chest roentgenogram taken in 1949 revealed no essential change 
in the appearance of the right paratrachael lymph node enlargement. 

The patient has been followed for a period of four years since that time without any change 
in the roentgen picture of the chest (Fig. 4). He has also remained asymptomatic during this 
time, and his physical examination has remained normal. The histoplasmin skin test, using 
1:100 dilution, and the second-strength tuberculin test (0.005 mg. PPD) are negative. The 
complement-fixation test for histoplasmosis is positive in low dilutions, and the complement- 
fixation test for blastomycosis is negative. 


Comment.—This is an example of the mediastinal form of pulmonary histo- 
plasmosis, since the involvement is confined to the mediastinal lymph nodes without 
any apparent disease of the lungs visible on chest roentgenograms. 


Case 5.—A 33-year-old white man, native of New York City, was inducted into the United 
States Army in July, 1942. The chest roentgenogram at induction was normal. The patient 
developed an acute bilateral pneumonitis of undetermined type on May 11, 1943, while stationed 
in Tennessee. The chest roentgenogram on hospital admission revealed diffuse bilateral pulmon- 
ary infiltrations with hilar adenopathy (Fig. 54). The clinical course was acute, with high 
fever for 10 days, followed by a low-grade elevation of temperature for several weeks thereafter. 
No clinical response to sulfadiazine therapy was noted during the acute stage. Sputum and 
gastric studies were repeatedly negative for acid-fast bacilli. Serial chest roentgenograms 
revealed gradual reduction of hilar adenopathy and a slow progressive resolution of the pul- 
monary infiltrations, beginning about two weeks after onset of the illness, with replacement by 
linear and nodular fibrosis (Fig. 5B). No further change was apparent on serial roentgenograms 
taken during the next four months of the patient’s hospital stay. Chest roentgenograms taken 
in 1951 revealed multiple discrete calcified nodules throughout both lung fields. Serial chest 
roentgenograms taken during the next three years revealed no change in this roentgen picture 
(Fig. 5C). The patient is asymptomatic. The physical examination is essentially negative. The 
histoplasmin skin test, using 1:100 dilution, is strongly positive. The coccidioidin skin test, 
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using 1: 100 dilution, is negative, and the intermediate-strength tuberculin test (0.002 mg. PPD) 
is positive. The complement-fixation test for histoplasmosis, using the extract antigen of the 
yeast-like cells, is positive in a titer of 1:60. The complement-fixation, test for blastomycosis 
is negative. 

Comment.—This is an example of a sporadic case of the acute interstitial pneu- 
monic form of histoplasmosis of the lungs incurred in a highly endemic region. 
The nature of the acute pneumonic episode was not established at the time, and 
the diagnosis of pneumonitis of undetermined type was applied to this condition. 


At present the patient reveals typical roentgen signs of residuals of diffuse histo- 
plasmosis of the lungs in the form of multiple discrete nodules with central calci- 
fication scattered throughout both lung fields. In addition he also demonstrates 
serologic evidence of a former infection with H. capsulatum in the form of a strongly 
positive histoplasmin skin test and a positive complement-fixation test for histoplas- 


mosis in a titer of 1:60. 
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WHITE BLOOD CELLS 

Chemical Observations on Leucocytes——Rottino makes a pertinent suggestion: 
“A fruitful field for research would be one which still lies on the frontiers of the 
unknown—namely the physiology of the lymphoid system.” °° This is equally applica- 
ble to the physiology of the other white cells. Too long has our research been 
dominated by the empiric approach. 

Microspectrophotometric estimation of the deoxyribonucleic acid (DNA) con- 
tent of individual normal human lymphocytes discloses that such cells contain twice 
the average DNA content of normal human spermatids.”°° Nucleic acid content of 
splenic lymphocytes has been studied in mice.*°* A report concerning stable 
sudanophilia of human neutrophile leucocytes in relation to peroxidase and oxidase 
concludes that the sudanophilia of leucocytes is as yet unexplained.*** Other exten- 
sive cytochemical studies have been made by Storti and co-workers.* 

Carbohydrate metabolism of leucocytes has been comprehensively reviewed.*°° 
Studies by McKinney and co-workers on the effects of glucose and fructose on 
aerobic glycolysis of human leucocytes in vitro indicates that (1) aerobic forma- 
tion of lactate by intact cells is greater from glucose than from fructose; (2) there 
may be two separate mechanisms by which these two sugars enter the leucocyte, 
and (3) the glucose may be actively absorbed, while the fructose may passively 
diffuse into the cell.*°* Leucocytes may be the site of anaerobic glycolysis and 
adenylpyrophosphatase activity in peripheral blood.7° 
Leucocytes from diabetic patients, in contrast to those from normal persons, 


produce more lactic acid from fructose than from glucose. Addition of insulin to 


such cells increases the glucose utilization. Impaired ability of leucocytes to pro- 
duce lactic acid from glucose may be a mechanism in the increased susceptibility of 
diabetics to infection.+ In polycythemia vera with leucocytosis and/or leukemoid 
features and in neutrophilic leucocytoses of infection, glycogen content is increased 
over normal. Lymphocytes and immature cells are either glycogen-free or glycogen- 
poor.*°* Both normal and leukemic leucocytes have a predominantly aerobic glyco- 
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lytic metabolism. 


* References 332 and 333. 
+ References 706 and 707. 
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[-Cystéine and /-cystine may have an important role in leucocyte metabolism. 


Leucocytes cannot readily utilize d-cysteine in place of /-cysteine.*?” 

Observations on Physiology of Leucocytes—tThe role of the lungs in the fate 
of leucocytes § and the characteristics of thoracic lymph in man‘*'’ continue to 
receive attention. Separate “tissue flushing” (the sudden outpouring of blood cells 
into the circulation) factors have been found in the sera of normal and leukemic 
persons.*?° 

Variations in total leucocytes during menstrual cycles may be related to varia- 
tions in blood estrin.7!7 Local venous leucopenia following intra-arterial adminis- 
tration of histamine is the result of sequestration of leucocytes in capillaries periph- 
eral to the artery.* Genetic and anesthetic factors influence the granulocyte 
levels of inbred mouse strains, and genetic factors influence agranulocyte (largely 
lymphocytes) levels.71® Total body heating of the rat results in lowered leucocyte 
counts in the peripheral blood. Total body heating has advantages over tail heating 
in obtaining blood specimens from the rat.’* Granulocytosis without lymphopenia 
occurs in pantothenic-acid-deficient mice.**° 

The per cent of intact salivary leucocytes is significantly greater in caries-free 
than in caries-active saliva. However, the total number of leucocytes is similar in 
the two types of saliva.**! Fat-containing vacuoles were observed in the cytoplasm 
of leucocytes from two brothers who later developed progressive muscular dystrophy. 
Caution should be exercised in the interpretation of familial leucocytic anomalies.*** 

Several papers on leucocyte migration and chemotaxis have appeared. The 
leucocyte response in animals infected with virulent Brucella and mycobacteria may 
be a part of the general adaptation syndrome, or stress reaction.’** The rate of 
leucocyte migration in vitro is strongly influenced by a plasma factor.*** Fukushima 
and co-workers believe that the chemotropism of neutrophilic leucocytes is variable 
and is correlated with the course of the disease, varying with the neutrophilic 


° Glycogen may be the natural granulocyte- 
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leucocyte count and cell maturity.’ 
attracting agent released on injury of tissue.**® A number of substances (probably 
polypeptides) derived from tissues may cause increased capillary permeability and 
may attract leucocytes into areas where tissue injury has occurred. These sub- 
stances include products of tissue autolysis. The action of such substances is of 
importance in initiating inflammatory reaction promptly when tissue injury occurs. 
Once again doubt has been cast on the concept of leucotaxine as the single entity 


causing the initial reactions of acute inflammation.’** Granulocytes are not attracted 
by the breakdown products of tissues in vitro. It has been suggested that a reassess- 
ment of the possible action of cellular breakdown products in vivo be made.*** A 
photomicrographic study of chemotaxis discloses that monocytes react to the same 
stimuli as do granulocytes. Several types of bacteria and starch grains are chemo- 
tactic for monocytes, while tissue breakdown products are not.**® Motility patterns 
of lymphocytes have been studied by time-lapse microcinematography.**° 

Intracellular and extracellular clumping of bacteria render the agar-plate method 
invalid for measuring the bactericidal power of leucocytes.**! Egestion of phago- 
cytized particles by leucocytes has been studied.*** 


t References 710 and 711. 
§ References 713 and 714. 
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Adenosine-5-phosphoric acid prevents leucopenia, but not death, in guinea pigs 
treated with aminopterin.”** Cortisone-augmented nitrogen mustard induces leuco- 
penia in rabbits.*** 

Eosinophilia is associated with allergic disorders, skin diseases, parasitic infesta- 
tions, certain infectious diseases, certain hematologic conditions, Loeffler’s syndrome 
(“tropical eosinophilia”), following irradiation as a familial anomaly, and other 
disorders.**° A pathway through the body and a histamine-carrying function for 
the eosinophile are hypothesized by Vaughn.*** Blood eosinophilia was a feature 
in bullous keratogenous and pigmentary dermatitis in four newborn girls.** 
Eosinopenia is discussed on page 663 under Corticotropin and Cortisone. 

Electron microscopy reveals a specific filamentous structure (ribonucleoprotein- 
containing apparatus) in both normal and pathologic bone marrow plasma cells.*** 
An increase in plasmacytoid cells was found in the blood and bone marrow of 
several patients immunized with diphtheria toxoid seven days previously. No 
increase in serum globulin could be demonstrated.**® Serum gamma globulin levels 
seem to be inversely proportional to lymphocyte levels.**° 

A coagulation-inhibitive substance isolated from leucocytes of a patient with 
mast cell leukemia has the same properties as heparin.**! 

L. E. Cell Phenomenon.—Several recent articles emphasize that the L. E. test 
makes possible the diagnosis of many vague, previously undiagnosed syndromes.|| 
The absence of L. E. cells does not preclude a diagnosis of lupus erythematosus, { 
but it is thought that a positive L. E. test is diagnostic of this disease.# On the 
other hand, L. E. cell phenomena have been reported in normal persons,*** patients 
with severe penicillin reactions,**° and hypertensive patients sensitive to hydra- 
lazine.** 

Several techniques and simplified methods for performing the test have been 
presented.* One of the papers contains details as to interpretation of the test.'*” 
Three essential substances necessary for a positive test are (1) the lytic or L. E. 
factor, (2) a source of nuclear protein, and (3) viable phagocytic leucocytes. 
The excellent time-lapse microcinematographic studies of Rohn and Bond have 
demonstrated the L. E. phenomenon.** 

Leucocytic changes similar to, and morphologically identical with, L. E. cells 
have been produced in normal blood. The L. E. cell phenomenon may be due to 
the action of pathologic heparinoids in combination with serum gamma globulins,*** 
or to the action of a mucopolysaccharide (from fibrinoid degeneration) in con- 


junction with serum gamma globulins.*°* Leucocytes from patients with acute dis- 


seminated lupus erythematosus show impaired migration in vitro and depression 
of oxidation-reduction potential. Plasma from these patients induces abnormal 
redox activity in leucocytes from normal persons.*°® Deoxyribonuclease may be 
one of the factors involved in the production of a positive test.‘*’ Inhibitors of 
deoxyribonuclease activity and the L. E. cell phenomenon have been found in 
human leucocytes. A theory based on the identity of these two inhibitors is offered 
by Kurnick and co-workers for the mechanism of the L. E. phenomenon.*? 


|| References 742-744. 

{ References 745 and 746. 
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L. E. cells have been demonstrated in sections of marrow units stained by an 
improved hematoxylin-and-eosin method.*** Dubois emphasizes the necessity of a 
bone marrow L. E. test in any patient suspected of having systemic lupus erythema- 
tosus (with a negative peripheral blood L. E. test).7* 

Gold believes that systemic lupus erythematosus may be a disturbance of the 
immune mechanism.**? 

Infectious Mononucleosis—A valuable general review has been made_ by 
Davidsohn.7®° 

The tiology is still unknown. Electron microscopy demonstrated virus-like 
particles on the erythrocytes of a patient with infectious mononucleosis.“*! Attempts 
to transmit the disease to monkeys by inoculation of materials from patients with 
the disease have been unsuccessful.’ 

A rapid screening test for infectious mononucleosis has been described.*®* 

Infectious mononucleosis is associated with a variety of clinical conditions: 
heart involvement,*°* coma,*®* peripheral (dyssplenic ) thrombocytopenic purpura,”™ 
acute acquired hemolytic anemia,‘** Hodgkin’s disease,*** remission of leukemia, 
and syphilis.7*° More than 50% of cases in one study showed an elevated icterus 
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index, usually in the “latent jaundice” range.*°” 


Recurrence of infectious mononucleosis is reportedly rare, although some upper 


respiratory tract infections may cause a nonspecific rise in heterophile antibodies 


and a lymphocytosis for a few days if such infections occur within seven months 
after the mononucleosis.*" 

There is no specific therapy for this disease. One case, in which the patient was 
seriously ill, was effectively treated with corticotropin, although routine hormone 
therapy was not recommended.*** Another patient apparently responded to gamma 
globulin therapy.*** 

Acute Infectious Lymphocytosis—Riley reports two cases occurring almost 
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simultaneously in brothers and includes a comprehensive review of this syndrome. 

Leucopenia.—Cyclic neutropenia with giant follicular lymphoblastoma and 
lymphosarcoma has been treated by splenectomy with some success after cortico- 
tropin and cortisone have proved unsuccessful.*** An uncomplicated case of cyclic 
neutropenia in a 16-year-old girl was not relieved by splenectomy.7** Leucopenia 
due to toxic depressants is discussed on page 660. 

Leukemoid Blood Reactions—This problem has been discussed, and an hypothesis 
to the effect that certain of these conditions may be due to embarrassment of the 
normal leucophagocytic function of the lungs has been proposed.**7 Leukemoid 
blood pictures have been reported in cases of acute glomerulonephritis, miliary 


tuberculosis,*”" tuberculous septicemia,’** and carcinoma of the stomach with acute 
leucocytosis.‘*° 
PLATELETS 
The only phase of coagulation included here is that concerned with platelet influ- 
ences, The various phases of coagulation, however, are reviewed in a series of excel- 
lent comprehensive papers appearing in The American Journal of Medicine,t and 
reference to these monographs is suggested. 


t References 780-785. 
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General Observations——Recently increased interest in platelets has been due 
largely to the development of procedures for the efficient recovery of functionally 
normal platelets. The criteria for successful preservation of “viable” platelets are 
(1) retention of morphology, (2) retention of physiologic activity (clot promotion 
and/or clot retraction), and (3) ability to survive on reinfusion into platelet- 
deficient recipients.*** The latter is the most valuable criterion. Among the platelet 
preservation methods which aid in meeting these criteria are differential centrifuga- 
tion, ion-exchange resins, use of nonwettable surfaces, and certain new anticoagu- 
lants. Tullis reports that platelets can be preserved for more than a year.7*° 

Since repeated platelet transfusions become progressively less effective, the first 
such transfusion should be reserved until necessary and used only for cases of 
cerebral hemorrhage, thrombocytopenic purpura due to marrow hypoplasia, and in 
preparation for surgery.§ The thrombocytopenia found during the first three post- 
operative days does not result from the blood loss of surgical procedures but is 
mimicked by administration of corticotropin.”*® Some danger may result from the 
thrombocytopenic 


administration of preserved platelets in cases of “immune’ 
purpura. 

The survival time of preserved platelets varies from one to three days.**! 

An accurate method of direct platelet counting, utilizing phase microscopy, has 
been reported by Brecher and co-workers. The error of the single count with 
venous blood is 11%, and it is twice this with capillary blood from finger puncture. 
Platelet levels were shown to vary greatly among 13 healthy men but fluctuated 
only slightly in the individual subject during a five-month period.””° This technique 
has been adopted by a number of investigative groups. 

In x-irradiated dogs hemorrhage, due primarily to thrombocytopenia, has been 
prevented by platelet transfusions.**' The formation and function of platelets was 
abnormal in six untreated cases of African sleeping sickness.7°* 

Chemical and Physical Studies.—That platelets have little or no metabolic activity 
has been demonstrated by an absence of significant glucose utilization or lactic acid 
accumulation in preserved specimens.*** 

Purified unagglutinated rabbit platelet suspensions incorporate radioactive phos- 
phorus (P**) readily. Such platelets transfused into normal rabbits are rapidly 
removed from the peripheral circulation, and the P** is recovered in organs of the 
reticuloendothelial system. This extremely short life-span suggests that the platelets 
are damaged in some way during manipulation.*®* 

Plasma coagulation time in the presence of heparin has a positive relation to 
plasma platelet concentration. Determination of coagulation time in the presence of 
heparin, after prolonged centrifugation of the plasma in siliconed tubes (reduced 
platelet content), is of value for the discovery of thrombohemorrhagic states.** 
Four cases of hemorrhagic diathesis, characterized by a deficiency of platelet Fac- 


tor 3 (heparin neutralization), have been reported, and the term “thrombopathia 


hemophilica” has been proposed. Treatment with an antihistamine, 10-(2-dimethyla- 
mino-l-propyl) phenothiazine (Phenergan), has a favorable effect on the hemor- 
rhages but does not affect the Factor 3 content of the platelets.” 


§ References 384, 388, 787, and 788. 
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Preserved platelets in an isolated system exhibit a thromboplastic activity. 
Antifibrinolysin activity of plasma may be derived from platelets.**° A blood sub- 
stance external to the platelets acting by (1) increasing platelet adhesiveness, 
viscous metamorphosis” of the 


“ 


(2) accelerating clot retractions, and (3) causing 
platelets has been demonstrated.”** The radius of fibrin strands varies inversely 
with the thrombin concentration between limits of 0.02 and 0.5 units per cubic 
centimeter and varies directly with the platelet concentration between limits of 
11,000 and 250,000 per cubic millimeter.*°* The thrombocytolytic action of thrombin 
has been studied under the electron microscope; disintegration proceeds in the 
hyalomere from the periphery to the center.*®° 

A platelet-derived serum vasoconstrictor (serotonin) was diminished in the 
sera of five patients with thrombocytopenia but returned to normal levels after 
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remission of the disease following splenectomy. 


TABLE 3.—Comparative Classification of Idiopathic Thrombocytopenic Purpura and Hemolytic Anemia* 


Idiopathic Thrombocytopenie Purpura Hemolytic Anemia 


‘ R rs »y tosis 
f 1. Thrombocytopathie thrombocytopenic J “prreine. 
) ) 


purpura “tis aaa 
2. Thromboasthenia — 


Hereditary 





( 1. Pernicious anemia 
Aquired thrombocytopathie thrombocytopenic purpura < 2. Paroxysmal nocturnal hemo- 
globinuria 


‘a 
| 
Intrinsic abnormality < 
| 
| 
L 


( Bacterial or viral (?) Bacterial or viral (Bartonella, 
streptococcus, ete.) 
Chemical “idiopathic” 


Autoimmune 4 «o ie”? 
Hypersplenie | nymptomatic 


Extrinsie disturbane , ee , 
oan Autoimmunet f{ “idiopathic” 


Hypersplenie | “symptomatic” 
Combined types 


Autoimmune thrombocytopenia with hemolytic anemia 
Thrombotic thrombocytopenic purpura 


*From Stefanini and Dameshek,55 The Lancet. 
t Possibly allergic in “acute idiopathic thrombocytopenic purpura’; immunological (antibodies) in “chronie I. T. P.” 

Thrombocytopenic Purpura.—Owing to much overlapping and continuing altera- 
tions in our basic concepts, there is no satisfactory classification in current use. 
Formerly these abnormalities were grouped into (1) peripheral (megakaryocytic ) 
and (2) central (amegakaryocytic) types. The peripheral group included (1) 
idiopathic and (2) secondary (peripheral or dyssplenic) types and (3) thrombotic 
thrombocytopenic purpura. The advances of the last few years in recognition of 
the immune type have transcended the above categories.*? For example, there 
appear to be both a peripheral and a central element in many of the immune 
idiopathic thrombocytopenic purpuras. .\ general review of purpuras has been 
made by Dameshek.*”! 

A comparative classification of idiopathic thrombocytopenic purpuras and hemo- 
lytic anemias is outlined in Table 3. The immune type of idiopathic thrombo- 
cytopenic purpura is discussed under Immunohematology on page 654. 

The ratio of thrombocytopenic to nonthrombocytopenic purpuras was approxi- 
mately 2:1 in 140 cases of purpura in infants and children. The thrombocytopenic 
purpuras in the study were often acute self-limited diseases associated with ante- 
cedent infection.*°? A classification of congenital thrombocytopenic purpura has 
been based on the presence or absence of such a state in the mother.*!* Neonatal 


1000 





SURVEY OF THE 1953 HEMATOLOGY LITERATURE 


thrombocytopenia is thought to arise through transmission of maternal isoagglutinins 


or autoagglutinins across the placenta *® (see page 654). 

Phase-contrast microscopy has been used in the study of unfixed and unstained 
megakaryocytes from normal persons and from persons with idiopathic thrombo- 
cytopenic purpura. The morphologic abnormalities noted suggest a dual mechanism 
in which both the circulating platelets and the megakaryocytes are attacked.** 

Moolten studied (1) thrombocytosin, a lipoidal substance (found in lymph 
nodes, adipose tissue, and egg yolk), capable of elevating platelet levels and platelet 
adhesiveness, and (2) thrombocytopen, also a lipoidal substance (found in the 
spleen), capable of lowering platelet levels and platelet adhesiveness. “Thrombo- 
cytosin induced remission in certain cases of idiopathic thrombocytopenic purpura. 
An hypothesis involving thrombocytopen and thrombocytosin has been proposed 
for the etiology of the disease.*°* 

Idiopathic thrombocytopenic purpura has been associated with the following: 
(1) menorrhagia at puberty (corrected by splenectomy) ,*°* (2) recurrence during 
pregnancy after previous successful treatment by splenectomy,*'* and (3) cortisone- 
induced remission after unsuccessful splenectomy.*’® Corticotropin and cortisone 
are useful in controlling the severe bleeding of idiopathic and secondary thrombo- 
cytopenia (although remissions occurred in about 50% of the cases) and in prepara- 
tion of patients for splenectomy.|! Corticotropin appears to be slightly more effec- 
tive than cortisone.*’* 

Dyssplenic thrombocytopenic purpura has been reported in a case of thyro- 
toxicosis.*" 

Thrombotic thrombocytopenic purpura is an invariably fatal acute pyrexial 
disease, clinically characterized by the triad of thrombocytopenic purpura, hemolytic 
anemia, and fluctuating neurologic manifestations. Corticotropin, cortisone, and 
splenectomy have no effect on the outcome.{ A close pathogenetic relation between 
the disease and primary atypical amyloidosis has been suggested.*!* The term 
“platelet thrombosis syndrome” has been proposed for this condition, which may 
be entirely secondary to a variety of underlying diseases.*'* 

Two cases associated with hemangioma in infants have been reported. Splenec- 
tomy was of no therapeutic value, but regression of the hemangioma coincided with 
disappearance of thrombocytopenia.*'® The mechanism is not clear. 

Thrombocytopenic purpuras due to toxic bone marrow depression are dis- 
cussed on page 660. 

RETICULOENDOTHELIAL SYSTEM 

Experimental Studies.—Recent studies on the reticuloendothelial system have 
dealt mainly with some phase of phagocytic activity. Tompkins and Grillo report 
that reticuloendothelial cells of subcutaneous tissue appear to be active in the first 
12 hours of inflammation. They carry the burden of phagocytosis before the arrival 
of polymorphonuclear cells and share in this function after arrival of the peripheral 
phagocytes. Once activated, they are aided in making contact with particulate 
matter and are supported in “surface phagocytosis” by movements of underlying 
muscles and by infiltrating polymorphonuclear cells.*!® Thorium dioxide (Thoro- 
trast) injected into mice is eventually stored in macrophages as visible granules, 
cst 
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and the physiochemical processes involved in the formation of these granules have 
been studied.**? The shellac in commercial preparations of India ink may sig- 
nificantly affect the granulopectic activity of the reticuloendothelial system.**® The 
most important factors influencing the speed of clearance of carbon from the blood 
are the quantity of carbon injected and the degree of saturation of the cells by 
the particles.*'® 

Tompkins presents evidence supporting the hypothesis that “resting-wandering 
cells” of the subcutaneous tissue metamorphose into macrophages, and she suggests 
that potassium initiates this change.**° Chicken monocytes acquired acid phosphatase 
as they were transformed into macrophages.**! Phagocytosis may have been influ- 
enced by the culture medium in which certain bacteria are grown.*?* 

While cortisone does not interfere directly with the function of macrophages,*** 
it does seem to depress activity of the reticuloendothelial system.*** Thus, it seems 
that alteration in the tissue environment, and not the cells themselves, is responsible 
for this depressed activity.*** Combination of estrogen and orchidectomy stimu- 
lates the reticuloendothelial system to a greater degree than does either alone.**® 
Administration of choline stimulates the phagocytic velocity of the reticuloendothelial 
system.**° 

Reticuloendothelioses——This continues to be an ill-defined group, with few 
criteria for accurate classification. While several of these conditions appear to be 
benign, a few have more than superficial resemblances to true malignant states. 

A discussion of the xanthomatoses, with several reports of cases of eosinophilic 
granuloma, has appeared.**’ Excellent discussions on eosinophilic granuloma, 
Hand-Schiiller-Christian disease, Letterer-Siwe disease, and evidence for the con- 
cept that these three diseases may be variants of the same pathologic process have 
been presented.# 

Five cases of reticuloendothelioses in children were treated with cortisone and 
corticotropin, with marked improvement in four cases.**! There were no deleterious 
effects in nine cases of Gaucher's disease complicated by pregnancy.*!® Acute 
Gaucher’s disease occurred in an infant whose sibling had previously died from 
this condition. Tie disease is presumed to be transmitted as a simple Mendelian 
recessive.*** A new water-soluble glycolipid (“polycerebroside”) has been isolated 
from the spleens of patients with Gaucher’s disease.*** 

Israels proposes a reclassification of the reticuloses, consisting of four clinico- 
pathological groups. These are (1) follicular lymphoreticulosis (Brill-Symmer’s 
disease), (2) lymphoid reticulosis, (3) giant-cell reticulosis, and (4) reticulum 
cell reticulosis.*** Robb-Smith maintains that his own earlier classification (1938) 
is superior.*** A case of aleukemic myeloid reticulosis was treated with aminopterin, 
without benefit.**® The close relation of the reticuloses to true malignant diseases 
has been emphasized by the report of a case which terminated as monocytic 
leukemia.**" 

Physicochemical Studies of Spleen—Rise in blood pressure associated with 
splenic contraction may be due to a vasoactive substance as well as to the mechanical 
effect of an increase in blood volume due to discharge of blood from the spleen.*** 
Bierman and co-workers present evider._ that the leucocytosis following administra- 
tion of epinephrine into the splenic artery is supplied from the pulmonary circula- 


# References 828-830. 
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tion and from the spleen.**® The lymphopenia resulting from administration of 
epinephrine is counteracted to some extent by splenic lymphocyte evacuation.** 
Chatterjea and co-workers believe that the degree of splenic participation in the 
hematologic response to epinephrine is small.**t Effects of splenectomy and epine- 
phrine on the blood platelet, eosinophile, and marrow megakaryocyte counts of 
albino rats have been studied.*** The degree of filling of the spleen is influenced by 
the distribution of cells and plasma in the normal and splenectomized dog, and it 
influences the blood volume determinations made by a labeled-cell-hematocrit or a 
dye-plasmacrit method.*** 

A small dose of radioactive gold followed by a large dose causes more complete 
splenic atrophy in C3H mice than does the same total dose given at one time. 
Goldie and co-workers believe that the first dose exerts a “preparative” effect on 
the spleen by causing congestion.*** Intraperitoneal administration of methylcel- 
lulose to rats causes massive splenomegaly, hyperplasia of the bone marrow elements, 
normocytic normochromic anemia, reticulocytosis, leucopenia, and a mild thrombo- 
cytopenia—all resulting in a situation similar to secondary dyssplenism as observed 
in man.*** Effects of spleen shielding and subsequent splenectomy on antibody 
formation in rats receiving total body irradiation have been studied.**® 

A biological method has been devised for the assay of splenin A (an antiinflam- 
matory agent produced hy the spleen) .**7 Nucleases from the spleen and intestinal 
mucosa have been purified.*** Tissue culture studies reveal a tumor-controlling 


function of rodent splenic tissue, which may prove to be of an immunologic nature.** 


Splenic Diagnostic Procedures.—Ferris and Hargraves discuss criteria for selec- 
tion of patients and the technique of splenic puncture in the diagnosis of spleno- 


megalic conditions. The procedure yields material for cytologic study only and is 
recommended as being fairly safe and of definite diagnostic aid.*°° Roentgenographic 
visualization of the spleen is enhanced by increasing the gaseous content of the 
stomach with carbonated water and injecting air into the colon through a rectal 
tube.*°! Techniques, complications, and the value of portal venography by intra- 
splenic injection have been outlined.*°* Vascular murmurs may sometimes be heard 
over greatly enlarged spleens. This occasionally serves as a bedside sign of dys- 


splenism.*** 

Splenic Rupture and Splenosis—Rupture of the spleen secondary to ruptured 
ectopic pregnancy *** and malaria ‘°° has been reported. Delayed rupture of the 
spleen may follow abdominal trauma.* Although autotransplantation of splenic 
tissue, or splenosis, following rupture of the spleen is rare, two additional cases 
have been reported.+ Great care is necessary to insure that no splenic blood or 
tissue remains in the abdominal cavity following splenectomy for splenic rupture 
or for any other cause.*®° 

Dyssplenism.—Splenic destruction of erythrocytes may be due to selective 
sequestration and destruction of abnormal red cells or of normal erythrocytes.$* 

Zollinger *** and Sparkman ** present excellent basic discussions on the surgical 
management of dyssplenism. Zollinger reports primary dyssplenism in 59% and 
secondary dyssplenism in 41% of 210 cases. The primary diseases in the latter 
group were, in the order of their frequency, leukemia, “acquired” hemolytic anemia, 
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Banti’s disease, Gaucher’s disease, infections, Boeck’s sarcoid, Felty’s syndrome, 
and Hodgkin’s disease.*°? Recurrent dyssplenism resulting from an accessory 
spleen has been reported.*®** Dyssplenism is also associated with hamartomas of 
the spleen.‘ 

The leucopenia in Felty’s syndrome is thought to be due to dyssplenism. Two 
cases illustrating association of Sjogren’s and Felty’s syndromes have appeared.*** 
Felty’s syndrome has also occurred with rheumatoid arthritis and periarteritis 
nodosa. These three conditions are probably variants of the same _ pathological 
process, a collagen abnormality.*®’ Felty’s syndrome continues to be treated by 
splenectomy. Steinberg believes that the beneficial results obtained may derive 
from a splenectomy-induced hypertrophy of the anterior pituitary, with a resultant 
increase in corticotropin secretion.*®* Other aspects of dyssplenism are discussed 
under autoimmunization to RBC (page 651), autoimmunization and isoimmuniza- 
tion to platelets (page 654), hypoplastic bone marrow (page 661), hemolytic 
anemias (page 822), leucopenia (page 998), infectious mononucleosis (page 998), 
and thrombocytopenic purpura (page 1000). 

Other Disorders of Spleen—The disorders reported are splenomegaly in scarlet 
fever §; pedunculated, cystic spleen ***; splenic agenesis,*‘* and a rare type of 
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carcinomatous splenic metastasis (a diffuse malignant infiltration of the spleen). 


NEOPLASTIC BLOOD DISORDERS 
LEUKEMIA 
Leukemia in Experimental Animals.—1. Rodents: In the past, Gross has experi- 


mented with the inducement of “spontaneous” leukemia in newborn mice of the 
C3H strain by inoculation with certain tissue extracts from leukemic mice of the 
Ak strain. The biologic properties of the agent causing the leukemia have been 
further defined.*® The ovaries and testes from healthy mice of the Ak strain con- 
* Salivary 


tain a leukemogenic agent which causes leukemia in the C3H newborn.‘ 
gland carcinomas also occur in the C3H line mice following inoculation with the 
tissue extracts. This indicates that there are two different pathogenic agents present 
in the extracts.|| Gross postulates that the carcinogenic extracts contain filterable 
virus(es). 

Oral ingestion of thiouracil increases, and thyroxin decreases, the incidence of 
leukemia in AKR mice.‘*° The administration of sulfonamides accelerates the 
development of tumors in strains of mice and rats with normally low tumor- 
incidence.**? 

A 100% transplantable rat lymphoma arose spontaneously in a Lewis strain 
rat. Studies utilizing this tumor may prove significant in the evaluation of anti- 
neoplastic agents.**? 

Several reports on the chemistry of mouse leukemias have been made. A study 


of the nucleic acid content of splenic lymphocytes in normal and leukemic mice 
indicates that both deoxyribonucleic acid phosphorus (DNAP) and ribonucleic 
acid phosphorus (RNAP) are higher in leukemic lymphocytes. Pentose nucleic 
acid and desoxypentose nucleic acid content of a transplantable mouse tumor has 


t References 868 and 869. 
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been determined, and some of the physicochemical properties of the latter compound 
and the nucleohistone isolated from it have been described.’ The rate of cholesterol 
biosynthesis rises in leukemic mice as the disease progresses. This indicates an 
association between increased cholesterol synthesis and increased cell division.*** 

Leukemia cells in the peritoneal fluid and blood of mice have exceptionally high 
growth potency. Variations in the disease process depend on “the degree of 
Impaired 
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preservation of the natural barriers between body fluids and organs.” 
ability to remove transfused leukemic leucocytes has been demonstrated and 
investigated.*!4 

Splenic tissue exerts a controlling effect on the growth of mouse tumors. A 
genetically-linked immunologic defect in the host might allow progressive growth 
of the tumor, since the host spleen has no detrimental effect on the tumor.‘*’ 
Rapidly regenerating bone marrow produced by protection of the spleen prevents 
the high incidence of leukemia induced by irradiation in C57BL mice. Thus, irra- 
diation-induced tumors seem to be more readily elicited under conditions of pro- 
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longed depression of bone marrow and lymphoid tissue. 

2. Other Animals: The etiologic agent of chicken leucosis is thought to be a 
filterable virus. Eckert found that the host-response in avian erythromyeloblastic 
leucosis is directly dependent on the number of leucosis cells inoculated.*** A rapid 
micro procedure has been described for testing the adenosine triphosphate dephos- 
phorylating capacity of the plasma of chickens with erythromyeloblastic leucosis. 
This capacity is related to the number of virus particles present and to infectivity 
of the plasma; thus, it can be employed in the selection of infected chicks.*** A 
study of the pathologic changes following transplantation of the chicken leucosis 
RPL12 has disclosed a phase of tumor growth followed either by death of the 
chicken or regression of the tumor. When tumor regression occurs, a resistance 
to subsequent challenge with the same tumor is established.*S* The growth of 
chicken leucosis RPL12 is inhibited in the chick embryo by sublethal doses of 
boric acid.*”° 

Cattle leukosis, reportedly spreading in some areas of Germany,*®! is a disease 
characterized by sarcoma-like foci, which consist of immature white blood cells 
appearing in all parts of the body.** 

Lymphatic leukemia was detected in 8 of 198 guinea pigs, many of which were 
irradiated.*°* Leukemia-like conditions in rabbits have been produced experi- 
mentally, and the hematolymphopoietic tissues are damaged by injecting Salmonella 
typhosa or myelotoxic substances.*** Malignant lymphoma has been reported in 
an 18-month-old chinchilla.** 

Observations on Chemistry and Physiology of Leukemia.—1. Chemistry: Petra- 
kis reports that microspectrophotometric estimation of the deoxyribonucleic acid 
(DNA) content of individual normal and leukemic human lymphocytes indicates 
that DNA values of cells from patients in an exacerbated phase of the disease are 
elevated significantly. Such cells may be released into the circulation in an actively 
mitotic phase.7°° Menten states that DNA values of the acute leukemia cells are 
not elevated but are actually decreased following therapeutic irradiation.*®* Myelo- 
kentric and lymphokentric acids, previously isolated from the urine of leukemic 
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patients, have been isolated and concentrated from serum and plasma of such 
patients. Characteristic cellular changes are produced when these substances are 
injected into guinea pigs.'°*® 

Retention of phosphorus and potassium is greater in leukemic patients than in 
other chronically ill patients, but nitrogen retention is about the same. Inadequate 
dietary intake of nitrogen results in transfer of nitrogen from host to tumor.**? The 
radioactive phosphorus turnover rate is greater in acute leukemia lymphocytes than 
in normal or chronic leukemia cells.*°* Although the rate of S*°-labeled /-cystine 
uptake by acute leukemia leucocytes is more rapid, the total amount taken up is less 
than in normal leucocytes."*' The ratio of the number of erythrocytes to the 
total glutathione level of the biood is elevated in acute leukemia.*®® 

Investigations by Kelemen and Bikich and co-workers on the histamine con- 
tent of the granulocytes in myelocytic leukemia reveal that such cells contain from 
two to many times as much histamine as normal granulocytes.4 Cytochemical 
studies of the bone marrow and the blood in a case of basophilic leukemia indi- 
cated that the metabolic process leading to the formation of heparin was arrested.°? 
8-Glucuronidase activity of the leucocytes of “stem-cell” leukemia might be of 
some value in prognosticating the course of the disease.** 

Electrophoretic studies by Rundles and co-workers on patients with malignant 
lymphomas and leukemia showed that anomalous serum proteins are found only 
in the hemopoietic malignant conditions in which there is proliferation of primitive 
lymphoid or plasma cells.°°* Low albumin content and increased alpha globulin 
are present in acute leukemia. There are also significant but variable changes 
of the serum proteins in chronic lymphatic leukemia.** 

Creatinuria has been reported to be associated with malignant disease of the 
lymphoid system in man.*°° Uracil is excreted in the urine of patients with chronic 
myeloid leukemia maintained on an animal-protein-free diet but not in normal 
humans on such a diet. Since uracil is a pyrimidine found in ribonucleic acid, 
this finding suggests an association of abnormal ribonucleic acid metabolism with this 
disease.*”’ Isolation of a pteridine from the urine of a child with acute leukemia 
has been reported.°°s 

2. Physiology: Bierman and co-workers have studied the cellular characteris- 
tics of thoracic duct lymph in man and have questioned whether the thoracic duct is 
the major pathway for leucocyte delivery to the peripheral blood stream in lym- 
phatic leukemia.7** Bone marrow blood flow studies demonstrate an increased 
flow in the bone marrow of patients with acute leukemia and chronic lympho- 
cytic leukemia (inconstant).’°* A simple and inexpensive imprint technique for 
the study of lymph node neoplasms is described by Sieracki.°°® 

A study of leukemic flushing (sudden outpouring of leukemic cells) in rabbit 
material discloses the presence of a leukemic flushing factor in leukemic serum and 
a normal flushing factor in normal serum. Thus, the flushing factor would seem 
to be a humoral rather than a local phenomenon.7*® 

Schilling has found a significant increase in the mechanical fragility of erythro- 
cytes from leukemic patients, which strengthens the theory that excessive herao- 
lysis may be a component of the anemia in leukemia.*?® Allergic factors in the 
production of leukemids have been studied in a small group of cases.*"* Studies 
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on the phagocytic activity of leucocytes in leukemia indicate that, in chronic gran- 
ulocytic leukemia, phagocytosis by individual granulocytes is impaired. An in- 
crease in granulocytes raises the antibacterial defense to normal. In chronic lym- 
phocytic and in certain acute leukemias the phagocytic capacity of individual 
granulocytes is not impaired, but reduced numbers of granulocytes reduce the 
total defense.*!” 


Classification —The controversy on leukemia classification continues. Formerly, 
specific categorizing was primarily of academic interest ; however, it now assumes 
greater importance, owing to an increasing trend toward “specificity” of therapy. 

Grunke has suggested that only cases of the Schilling type be diagnosed as 
monocytic leukemia, while the Nageli and Hittmeier types should be considered as 
myelocytic.*® Diagnosis of mixed monocytic and myelogenous leukemia continues.*"* 
Poinso and co-workers criticize the concept that myelocytic leukemia is a sharply 
defined disease entity.*1* Chronic eosinophilic leukemia continues to be reported.®*'® 
Ten cases of leukemia were classed as “notched nucleus cell” leukemia.** Di 
Guglielmo and co-workers describe a type of chronic leukemia characterized by 
generalized proliferation of reticuloendothelial system cells exclusively.°** Seven 
per cent of a group of 107 pediatric patients with leukemia could not be classified 
as: to: type:°?” 

Incidence.—A survey of 8,102 leukemia deaths in this country by Gilliam shows 
that 74% were lymphatic and myeloid types. The male-female ratio was 3:2.°*° 
A study by Gauld and co-workers of 647 cases in Scotland disclosed that the ratio 
of chronic lymphatic: chronic myeloid: acute lymphatic: acute myeloid leukemias 
was 6:5:4:2. The incidence of aleukemic forms was 22%, and the over-all sex 
ratio was seven men to six women. A real and progressive increase in all forms 
of leukemia in recent years is thought to exist in Scotland.**! 

Shimkin and co-workers have made a statistical study analyzing frequency, 
age, and sex distribution; survival times, and effect of treatment in 268 cases of 
chronic and acute lymphocytic leukemia. Results are similar to those found in 
previous studies. No significant increase in survival times was found following 
current therapy as compared with symptomatic treatment.®*° 


A report on 56 cases of chronic myeloid leukemia disclosed an upward shift 
in the age of onset (average, 44 years) and a shift toward a higher proportion of 
women (57%). The incidence of the disease is steadily rising. Therapy is felt 
to increase the useful life span considerably.°** Fifteen cases of chronic myelog- 
enous leukemia in children have been reported.°** This type was formerly rare in 
this age group. Two statistical studies of pediatric leukemia have been made in 


Uraguay.* 

Etiology.—The etiologic factors in leukemia remain unknown. The importance 
of heredity has been repeatedly emphasized. The presence of acute leukemia in 
twins under two years of age is especially interesting.®*® The high rate of leukemia 
in physicians, and especially in radiologists, has again been noted.*°° The increas- 
ing rate of leukemia may be due to increased use of irradiation in various forms.®* 
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Hormonal or humoral factors in the etiology of leukemia have been postulated. 
The possible relation of myelogenous leukemia, polycythemia, myelosclerosis, 
erythroleukemia, and myeloid metaplasia has been reviewed.§ A case of coexist- 
ent chronic lymphatic leukemia and polycythemia has been cited.**° 

Possible causal relations have been advanced for (1) tuberculosis and leuke- 
mia,|| (2) virus and leukemia,*** and (3) mutation of certain myelopoietic ele- 
ments and myelogenous leukemia.{ 

The preleukemic phases of leukemia have been studied in 12 cases.*** Acute 
leukemia preceded by leucopenia has been noted.# Studies by Gray and Taylor 
on a case of reticuloendotheliosis terminating in monocytic leukemia have added 
evidence that the monocyte originates from the primary mesenchymal cells of the 
reticuloendothelial system.**? 

Pathology.—The diagnosis of primary lymphatic disorders can usually be 
readily established by lymph node biopsy. McGovern suggests that a group of 
nodes rather than a single one be examined.°*® 

Clinical Manifestations—The signs and symptoms of leukemia are generally 
due to (1) a local accumulation of cells causing symptoms by mechanical means 
and/or (2) a diminution of formed elements of the blood resulting from myelo- 
phthisis. The following clinical manifestations and/or associations have been 
cited: leukemia cutis simulating venereal disease,®*® leukemia cutis with zoster,®°° 
leukemia cutis in children,®* leukemic infiltration of a vertebra,®°* ascending 
polyradiculitis,°°* diabetes insipidus,®°* meningeal infiltration in leukemia,®° uro- 
logical symptoms in leukemia,* leukemia simulating abdominal surgical condi- 
tions,*°> lymphosarcoma of the intestine causing obstruction and intussusception, 
sprue syndrome secondary to lymphoma of the small intestine,®* polyarthritis in 
monocytic leukemia,®* multiple phlebothromboses in monocytic leukemia,®** retinal 
hemorrhages and other fundal findings in leukemia,t and sickle cell anemia termi- 
nating in acute myeloblastic leukemia.®% 

Pregnancy rarely occurs in the leukemic woman. The view has been advanced 
that pregnancy shortens the average life expectancy in chronic granulocytic leu- 
kemia.§ Others believe that pregnancy does not greatly alter the course of leu- 
kemia but that there is often exacerbation after delivery.“ Interruption of 
pregnancy in this condition is not indicated except to save a viable child in termi- 
nal cases. || 

The presence of acute myeloblastic leukemia in a newborn infant emphasizes 
the need for vigilant watching for leukemia in all age groups.°*° 

Prognosis.—Since leukemia includes such a broad spectrum of clinical states, 
the prognosis is correspondingly broad. With acute fulminating type the prognosis 
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is of course extremely guarded. With the more chronic types the patient may live 
sufficiently long to die of some disease other than the leukemia. A patient with chronic 


lymphatic leukemia survived for 29 years.°* 

Treatment.—The 1953 literature contains many articles of varying value on 
the treatment of leukemia. Among the newer drugs used in therapy of leukemia 
are myleran (1,4-bis[methylsulfonyloxy] butane; GT41) and 6-mercaptopurine. 
Treatment of multiple myeloma, Hodgkin’s syndrome, polycythemia, and erythro- 
myelosis is discussed in their respective sections. 

Principal methods of treatment of leukemia are (1) irradiation and (2) chemo- 
therapy. 

1. Irradiation: External x-radiatior gave better therapeutic results in chronic 
myelogenous leukemia than other agents tested in adults **° and children.*** Bone 
marrow changes following therapeutic irradiation of the spleen in chronic mye- 
logenous leukemia included a decrease in the number of immature myeloid cells 
and/or an increase in the number of immature erythroid cells.°* 

The complications of azotemia and renal uric acid calculi following x-ray therapy, 
its prevention, and treatment have been discussed.°*® A therapeutic regimen to 
minimize uremic complications includes (1) BUN, NPN, 24-hour uric acid urinary 
excretion, pyelography, and PSP studies prior to x-radiation therapy; (2) low 
purine and excess fluid intake during therapy; (3) alkali administration by mouth; 
(4) administration of cinchophen if BUN is elevated; (5) treatment of extra- 
renal leukemia infiltrations by frequent small x-ray doses, spaced according to 
uric acid metabolism and blood counts.*®® 

The requirements and use of radioisotopes in treatment of blood diseases have 
been reviewed.{ Radioactive phosphorus (P**) has been the most widely used 
isotope. Colloidal gold (Au‘**) may have a place in the treatment of chronic 
granulocytic leukemia *** and effusions due to malignant lesions.*** The cytotoxic 
effect of radioactive arsenic (As*®) on the hemopoietic tissue of leukemia patients 
has little effect on the course of the disease.°** 

In summary, Marlow and Bartlett believe that irradiation is the treatment of 
choice in chronic myelogenous leukemia, chronic lymphocytic leukemia, lympho- 
sarcoma, and giant follicular lymphoma.*** Field emphasizes the effectiveness of 
using combined irradiation and chemotherapy in chronic leukemias and lympho- 
sarcoma.**® X-radiation is still the sheet anchor for treating chronic leukemias. 

2. Chemotherapy: Numerous reviews on chemotherapy have appeared.# All 
new drugs should be subjected to an extensive screening program to determine 
their toxicity and efficacy in treatment before they are released for general use. 
A typical screening procedure is outlined by Field.°” 

The most effective drug for a given neoplasm may often be found by incubating 
various chemotherapeutic agents with tissue cultures of neoplasias obtained by 
biopsy.°®*° 

A modified classification of antileukemic drugs from Bierman’s review is as 
follows: 

(a) Radiomimetic agents (methyl-bis or tris [8-chloroethyl]amine hydrochloride [nitrogen 

mustard; HNe and HN3], triethylene melamine [TEM], etc.) 
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(b) Mitotic inhibitors (urethan, potassium arsenite) 

(c) Substances toxic to cells (myleran, benzene, etc.) 

(d) Antimetabolites (folic acid, adenine, and guanine antagonists, etc.) 

(e) Endocrine substances (corticotropin, cortisone ) 

(f) Biologic and bacterial products (lymphokentric and myelokentric acids, etc.) 


(g) Agents whose effectiveness is not yet substantiated 977 


(a) Radiomimetic agents. (1) Nitrogen mustard (HN2). Advantages of 
these compounds over irradiation therapy are (1) low cost and ease of adminis- 
tration; (2) rapid effectiveness; (3) predictable results with large initial doses, 
and (4) no tumor edema.**® 

It will be remembered that spleen shielding during irradiation reduces the 
immediate mortality in rats after total body irradiation with L.D.59 doses. How- 
ever, exclusion of the spleen **’ and portions of the bone marrow *** for varying 
lengths of time following the administration of nitrogen mustard does not result 
in an increased survival in laboratory test animals (mice and rabbits).°** The 
mitotic inhibitory effect of nitrogen mustard is not due to inhibition of nucleic 
acid synthesis, as was previously suggested.°*® Nitrogen mustard causes mitotic 
retardation and heavy destruction of chromosomes in lymph node cells.°°° Infec- 
tivity of influenza A virus is lust at lower drug doses than are antigenic properties.* 

A simplified catheter technique for intra-arterial administration of nitrogen 
mustard and other chemotherapeutic agents has been described. This may be of 
value in a few selected cases in which localized tissue effects are desired.*% 

The commonly recognized toxic effects of nitrogen mustard therapy are local, 
hemopoietic, and gastrointestinal. Uremia and renal calculi due to uric acid pre- 
cipitation may also result, and care should be taken to avoid these complications.®** 
Mice poisoned with nitrogen mustard are less susceptible to fatal infections than 
are mice poisoned by irradiation.°” 

Use of nitrogen mustards in combination with other drugs has been studied 
to some extent. Cortisone seems to (1) augment nitrogen-mustard-induced leu- 
copenia in rabbits *** and (2) enhance the involution and pyknosis of lymphoid 
tissue in rats.°°® However, cortisone does not alter the L.D.59 of nitrogen mustard 
in rats.°% 

The nitrogen mustards are useful in treatment of generalized lymphosarcoma 
and chronic lymphocytic leukemia, but Field claims that both of these conditions 
are better treated with x-radiation in the early and local stages.°”® 

Chlorpromazine hydrochloride (Thorazine) has been used to alleviate the 
nausea and vomiting caused by nitrogen mustard and roentgen radiation therapy. 

(2) Triethylene melamine (TEM). Numerous reports have appeared on the 
clinical use of triethylene melamine. 

The main advantages of iriethylene melamine over nitrogen mustards are its 
easy oral administration, decreased nausea and vomiting, and adaptability to 
sustained maintenance therapy.?°* While a few investigators minimize the toxic 
side-effects,= the majority emphasize the great sensitivity of the hemopoietic 
system,’° the cumulative toxic effect upon the bone marrow, and the wide 
individual variation in therapeutic and toxic dose.1°? A case of fatal bone mar- 
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row depression after a small dose of triethylene melamine adds emphasis to the 
last point.° A case of triethylene-melamine-induced dermatitis has also been 
reported.?°°S 

The concensus on the value of this drug in treatment of the various types of 
leukemia is that it is most effective in treatment of chronic lymphocytic leukemia.§ 
It is also claimed to be effective in chronic myelogenous leukemia.|| Results of 
triethylene melamine therapy in other types of leukemia have not been exception- 
ally good except in a few instances. Triethylene melamine has also been used in 
conjunction with metallic catalysts such as copper, nickel, and manganese.*°” 

(3) Other radiomimetic compounds. A group of ethylenimine derivatives— 
triethylene phosphoramide (TEPA), triethylene thiophosphoramide (thio-TEPA), 
and diethylene phosphoramide (DEPA)—are as effective but not as toxic as 
triethylene melamine in myeloid chloroleukemia in the rat.1°*  Diethylene phos- 
phoramide and triethylene phosphoramide have been reported as being beneficial 
in “some leukemia cases.’”°!? Farber and co-workers believe that triethylene phos- 
phoramide can be utilized in a wider range of diseases than nitrogen mustard and 
triethylene melamine.°"° 

(b) Mitotic inhibitors. (1) Urethan. Ledlie reports that remissions of chronic 
myelogenous leukemia cannot be maintained with urethan alone but that good 
remission with irradiation follows urethan treatment. Side-effects, such as anorexia, 
nausea, vomiting, and diarrhea are frequent. These generally can be controlled 
with regulation of dosage. One patient developed glomerulonephritis.*** Centrilo- 
bular hepatic necrosis has been noted.*?? DeVries has reported prolonged remis- 
sions in 12 of 14 cases of chronic lymphocytic leukemia treated with urethan.’°* 

(2) Potassium arsenite. Potassium arsenite solution (Fowler’s solution) is 
still useful in the control of chronic myelogenous leukemia.*”® 

(c) Substances toxic to cells. Myleran (1,4-bis[methylsulfonyloxy] butane ; 
GT41). The first few reports on myleran therapy in chronic myelogenous leukemia 
are encouraging.{ Its chemical constitution and biological action have been 
studied.'°'7 The main action of this drug appears to be the depression of granulo- 
poiesis. The principal side-effect is thrombocytopenia.’°* 

(d) Antimetabolites. (1) Folic acid antagonists. Dustin and co-workers report 
that about 30% of acute leukemia cases had prolongation of life with anti-folic- 
acid-compound treatment.'°'S 

The use of these anatagonists in conjunction, or alternately, with corticotropin 
or cortisone indicates that more satisfactory and longer remissions in acute leu- 
kemia can be obtained by this therapeutic approach than by the use of either drug 
alone.# One patient with acute lymphocytic leukemia in pregnancy was treated 
with corticotropin and aminopterin, with only brief improvement.*** 

The combined use of aminopterin and citrovorum factor has been studied. 
Aminopterin and delayed citrovorum factor therapy is more effective in prolong- 
ing survival times in leukemic mice than is aminopterin alone.* Two patients with 
<cestinanaieeeen 
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leukemia were treated with aminopterin and citrovorum factor, with no toxic 
effects. However, citrovorum factor will not always relieve the toxic effects of 
aminopterin.1°°7 

Treatment of mouse leukemias with amethopterin (4-amino-N?°-pteroylglutamic 
acid) plus DL-ethionine (DL-2-amino-4-[ethylthio] butyric acid) and with ame- 
thopterin plus DL-ethionine plus 8-azaguanine is more effective than with ame- 
thopterin alone.*°°* Combination of amethopterin and a diaminopyrimidine in 
therapy of a mouse leukemia led to a longer survival time than did either drug 
atone.'°*9 

A new series of dihydrotriazines, with anti-folic-acid and anti-citrovorum-factor 
activity as well as antileukemic action in mice, is reported by Farber and co-workers 
to have temporary antileukemic activity in children with acute leukemia resistant 
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to corticotropin, cortisone, and folic acid antagonists. 

(2) Adenine antagonists. Pilot studies with 6-mercaptopurine have been 
reported. This drug apparently possesses unique activity as an inhibitor of the 
mouse tumor, S-180.1°! Antileukemic activity has been studied in another mouse 
line, and a drug-resistant subline has been developed.*°**? The drug may be toxic 
to the hemopoietic system, the gastrointestinal tract, and the liver of experimental 
animals.¢ Its mechanism of action has been studied by microbiological methods.'°** 
Clinical reports by Burchenal and co-workers on 6-mercaptopurine indicate that 
its use results in temporary remissions in about 40% of cases of acute leukemia in 
children. Remissions were effected in eight patients with chronic myelogenous 
leukemia.’°** In combination with the anti-folic-acid compounds and corticotropin 
and/or cortisone, it provides the most effective therapy currently available for 
acute lymphatic leukemia. 

(3) Other antimetabolites. Glucosamine did not influence the course of leu- 
kemia in a small group of patients tested.'°°* Rather encouraging results were 
reported with 8-mercaptoethylamine in a small group of patients with chronic 
leukemia.?°** 

(e) Endocrine substances. Corticotropin and cortisone. Periodic administration 
of cortisone throughout life to high-leukemia AKR mice leads to an increased 
life span. 

Aerobic utilization of glucose is elevated in lymphosarcoma tissue from rats 
treated with corticotropin. This observation may explain the growth-arresting 
etfect of corticotropin on lymphoid tumors.'’*? Fenninger states that corticotropin 
while Gasser sug- 
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and cortisone appear to act on both tumor and host tissues,* 
gests that cortisone has an “elective anabolic effect which is directed against the 
leukemic cell.” 1°?" 

Cortisone (as well as irradiation) converts the resistant status of inbred mice 
to homoiotransplantation of lymphoid leukemia to a state of susceptibility.1°™ 

Several studies indicate varying beneficial results from cortisone and corti- 
cotropin therapy in acute leukemia.§ Gasser and Cramer state that more remis- 
sions in childhood leukemia result with cortisone therapy than with the folic acid 
antagonists but that these remissions are of shorter duration.?°2° Robertson believes 
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that hormone treatment is most successful in acute stem cell leukemia and is much 
less successful when the leukemic cells have differentiated beyond the blast stage.*°** 
Reduction in the number of eosinophiles in the blood stream resulted following 
corticotropin therapy in a case of eosinophilic leukemia.*°* 

The therapeutic combination of corticotropin and cortisone with the folic acid 
antagonists is discussed in a preceding section. In summary, the primary benefit 
of corticotropin and cortisone is their utilization as part of the initial therapy in 
critically ill acute leukemia patients. Antimetabolites alone or in combination are 
then indicated. 

(f) Biological and bacterial products. (1) Lymphokentric and myelokentric 
acids. These substances, which stimulate myelopoiesis and lymphopoiesis in guinea 


Taste 4.—Chemotherapeutic Agents Useful in Treatment of Neoplastic Diseases* 


Agent Average Dose Disease Benefited Effect of Overdosage; Complications 


Urethan 0.5-1.0 gm. Myeloid proliferative diseases Severe anorexia 
2-4 X per day Leukemia, chronie granulocytic Leucopenia; pancytopenia (rare) 
Polycythemia vera? Mouth ulcers 
Multiple myeloma Centrilobular hepatic degeneration and 
necrosis 
Nitrogen 0.1 mg. per kg. Lymphoid proliferative diseases 
mustard i. v. X 46 Hodgkin’s disease (generalized) 
(HN2) Lymphomas, malignant 
Chronie lymphocytie leukemia 
Triethylene 2.5-5.0 mg. x 3 Granulocytic leukemia Temporary marrow depression 
melamine initially, orally; Polycythemia vera Severe anorexia, nausea, and vomiting 
(TEM) 0.5-5.0-16.0 mg. 
per week as 
maintenance 
Corticotropin 20 units i. v. for Acute leukemia Cushing’s syndrome: 
(ACTH) 15-18 hr. per day, Hemopoietie malignancies with moon facies; acne; hirsutism; 
or 20 units q. 6. h. symptomatie hemolytic anemia‘ edema; hypertension; hyper- 
i. m. per day for glycemia (glycosuria) 
1-3 weeks Hypokalemie hypochloremie alkalosis 
Mental depression; psychoses 
Cortisone 25 mg. 2-6 X per 
day maintenance 
Folic acid Pancytopenia 
antagonists Mouth ulceration 
Diarrkea 
(Aminopterin) (0.5-1.6 mg. 
orally 1-3 & per 
week) 


* From Rundles, Barton, and Coonrad,®78 Southern Medical Journal, Southern Medical Association 


pigs, formerly had been separated from the urine of leukemic patients. Turner 
and co-workers have concentrated substances from the serum and plasma of leu- 
kemic patients which they believe to be these acids.'°*® On the basis of the theory 
of reciprocal stimuli for lymphopoiesis and myelopoiesis, several studies on the 
therapeutic aspects of these materials have been made. These have been limited 
by the availability of such substances. 

(2) Vitamin Bys. Barnard suggests that the beneficial effects of vitamin Byi2 
in acute leukemia may be supportive. When the vitamin Bj is relatively crude, 
the antibiotic (mycin) content may be responsible for these effects. When the 
anemia accompanying the leukemia is erythroblastic rather than megaloblastic, 
the use of vitamin B,2 may be harmful.?°*? 

(g) Agents whose effectiveness is not yet substantiated. Among the scores 
of chemicals in the experimental hopper that have been given pilot study or are 
in the screening processes are phenylbutazone (Butazolidin), whose effects are 
thought to be primarily symptomatic '°**; hexamethylolmelamin, a triazine deriva- 
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tive (Cilag 61), claimed to be of benefit in myelogenous and lymphocytic leu- 
kemias,?°*® and 1,5-diaminobiuret, which has inhibited growth of leukemia L1210 
in DBA mice.’ 

Influence of infections on leukemia. A study by Bierman and co-workers was 
made on remissions in leukemia of childhood following acute infections with 
Staphylococcus and Streptococcus, varicella, and feline panleucopenia.*°* Glandu- 
lar fever infection in acute leukemia may have been responsible for remissions in 
certain cases.°* Russian Spring-Summer encephalitis virus inhibits leucocytosis 
and organ infiltration in Ak 4 mouse leukemia; however, the survival time is 
not affected.1°* 

In Table 4, Rundles has summarized the principal chemotherapeutic agents 
used in therapy of leukemia, with their suggested dosage, indications, and toxic 
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aspects. 


HopGKIN’s SYNDROME 


Classification Berman classifies Hodgkin’s syndrome as a “mixed type” of 
lymphoblastoma. He believes that the distinction between Hodgkin’s sarcoma and 
reticulum cell sarcoma or lymphoblastoma is arbitrary, since they are similar clin- 
ically and histologically.'°** 

Incidence.-—Hodgkin’s disease is rarely responsible for death before the age 
of 15 years; after that age, however, there is a gradual step-like increase in the 
death rate up to the age of 70. In the white race the male-female ratio is 8: 5.%?° 
According to Metropolitan Life Insurance Company statistics, this condition accounts 
for 3% of the deaths from cancer in children under 14 years of age.®® Hodgkin’s 
disease has been found in a 21-month-old child.1°%* In a study of 35 cases, Hodg- 
kin’s disease did not alter the course of pregnancy and pregnancy did not alter 
the course of the disease.**? 

Etiology.—The pathogenesis of Hodgkin’s disease is still unknown, although 
evidence in favor of a viral etiology has been reviewed by Gordon.’®** Rottino 
has surveyed some of the basic studies under investigation.®®® 

Pathologic Physiology.—In 25 cases of Hodgkin’s disease studied patholog- 
ically, 21 had cervical lymph node enlargement, invariably indicating involvement 
of deeper nodes.*** Lymph nodes involved late in the course of Hodgkin’s syn- 
drome do not appear to undergo the progressive stages of the pathological process 
but reflect an advanced status immediately. This could account for the irreversi- 
bility of Hodgkin’s lymphogranuloma.*®® 

Adenosinetriphosphate blood levels, following intramuscular injections of 
5-adenylates, are lower in patients with Hodgkin’s disease than in normal 
persons.'°°® 


Clinical Manifestations.—Ingestion of alcohol induced pain at the site of 
involvement in 12 cases of Hodgkin’s disease. Adequate therapy decreased the 
pain. An alcoholic “test drink” is suggested as a diagnostic aid and as a guide 
in judging response to treatment.|| 

Three patients with Hodgkin’s syndrome had presenting symptoms of liver 
failure. The disease in all ran a rapidly fatal course and was first diagnosed at 
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autopsy.’°® Spinal cord and brachial plexus involvement have been reported.‘ 
Infectious mononucleosis and Hodgkin’s disease have occurred simultaneously."®* 
Treatment.—Chemotherapy in neoplastic diseases has been surveyed.f/ The 
nitrogen mustards appear to be among the most effective chemical therapeutic 
weapons against Hodgkin’s syndrome. The efficacy of combining chemotherapy 
with irradiation is well recognized. Regression of lymphocytic masses with symp- 
tomatic improvement frequently follows corticotropin or cortisone therapy.°*® 
In a series of 22 cases treated with triethylene melamine more than two-thirds 
of the patients experienced remission of symptoms.’°°° Another 14 patients so 
treated were not significantly benefited.**? A third study of 14 cases indicated 
variable response, correlated with the stage of the disease and the dosage schedule 
of triethylene melamine.'°*' Since serious bone marrow depression may follow 
this therapy, it has been suggested that triethylene melamine not be used in the 
presence of a low polymorphonuclear cell count.1°° The principal advantages of 
triethylene melamine over the nitrogen mustards are oral administration and less 
frequent vomiting.°®$ 
More complete discussions of nitrogen mustard (page 1010) and triethylene 
melamine (page 1010) are given under the sections on leukemia therapy. 
Phenylbutazone (Butazolidin) has given beneficial results in preliminary trials. 
Surgery is becoming more widely used in the therapy of Hodgkin’s disease. 
Criteria for surgical intervention listed by Horowitz are (1) an isolated lesion 
(2) technical feasibility of surgical excision, and (3) no systemic manifestations 
of the disease. Surgery may be used as an adjunct to irradiation or as primary 
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therapy.?°°? 


In summary, if the lesion is localized intense irradiation is indicated. If the 
disease is well disseminated either nitrogen mustard or triethylene melamine is 
indicated. Frequently, when lesions become radioresistant, nitrogen mustard or 


triethylene melamine will reestablish radiosensitivity. Other radiomimetic agents 
such as triethylene phosphoramide (page 1011), also give promise. 


MuLtTIPLE MYELOMA 

Incidence.—Statistical studies show that death due to multiple myeloma is 
rare under the age of 35 and that the death rates increase in a gradual step-like 
fashion thereafter. The white-nonwhite ratio is 1:1, and the male-female ratio 
among white is 6: 5.9° 

Etiology.—Splenic aspirations in a small series of cases showed that the 
percentage of myeloma cells in splenic and bone marrow aspirates corresponded 
closely. Shapiro and Watson assert that these findings support the concept that 
multiple myeloma is a generalized disease of the hemopoietic system, comparable 
in its diffusion to the leukemias.?°* 

Experimental Studies—Abnormal plasma cell proliferation continues to be 
enigmatic. It is frequently associated with malignant or irritative states of erythro- 
poietic hyperplasia. The development of plasmocytes has again been proposed as 
a functional deviation of erythroblastic descent.1°* 

Considerable work has been done on the physicochemical nature of serum and 
urinary proteins in patients with multiple myeloma. A study of the blood sera 
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of 91 such patients by Reiner and Stern indicated that 78% had major electro- 
phoretic anomalies and the rest had minor anomalies.1°* An electrophoretic pat- 
tern not previously noted in myeloma serum has been described.*°** Another elec- 
trophoretic study suggests that the disturbance in protein syntheses in multiple 
myeloma results in a massive production of one type of globulin.*°* On the other 
hand, a study of eight proteins separated from the sera of such patients indicates 
that the lysine and proline content of these proteins is higher than for normal serum 
proteins, while the valine content is lower.7°* Study of the n-terminal groups of 
myeloma proteins also indicates abnormal chemical structure of these proteins.’°° 
A case report in which the first diagnostic clue was the abnormal electrophoretic 
pattern of the blood serum is, perhaps, a harbinger of things to come.’*”° However, 
it is well to note that not every case of this condition displays an abnormal pro- 
tein pattern.1°’ 


TABLE 5.—Findings in Multiple Myeloma 


% in % in Schwartz and 
Meacham’s Series Cataldo’s Series 
(51 Cases) 1077 (75 Cases) 1°78 

Eero ot. Joc bean clea cas Awe s watanaeneaes < Salen 57 male 59 male 
NN Sere L ck ig on es pilin kM hoo 5 4k 's isle Db 5 ¥0i0-0 be 400 oie 82 over 50 yr. 85 over 50 yr. 
8. Symptoms of bone pain.................... ; ouaienees es 63 
er III: aii kebcw ses kn dine bos 50.45. cduidessecsisceee cess am 35 
5. Anemia, fewer than 3,500,000 RBO.................sesse00 73 80 
GPS GTN ones cc ckccccccissccscccececscces 5 96* 92* 

(a) Discrete osteolytic lesions only.......... caveats want 20* 

(b) Diffuse osteoporosis only......... Pinch akeaeabakdiooas 14* 

(ec) Both in conjunction......... > pase Bie Set ee we 60* ; 
7. BemO MAITOW GaAGROGtle. .....6.cccvccscevcesees jeaeeee 94* 99* 
8. Serum globulin above 4 gm. per 100 ce..................... 61* ;. 

Tt IIa iiiis oo 8 dn0s viene nese wes i 62* 
9. Bence-Jones proteinuria ........ ... Ore eeeaeeee 33* 23 
INT. incu cb ckueninoWsedsnsceoceves ‘ veer * 80 

10. Hypercalcemia (Ca above 11 mg./100 cc.)... ae ee 25* 51* 
11. Plasma cells in the peripheral blood..................... 31 5 
12. Amyloidosis (16 autopsies).................. Pee et bebe 6* 
13. Decreased renal function............. ce emenek uae 25 
14. Duration of disease less than 2 yr.. Rok Uke shinee pate ne 90* 


* Indicates that the procedure was not done on all patients in the series and the percentage was calculated 
on the basis of the total number on which the procedure was performed. In 14 the follow-up was incomplete. 


A study by Putnam of the physicochemical properties of Bence-Jones proteins 
reveals that entirely different proteins are elaborated by different patients.1°*? 
These are not derived by breakdown of the plasma proteins.'°** Following admin- 
istration of corticotropin, the Bence-Jones protein urinary excretion is decreased, 
which may indicate a reduction in synthesis.*** 

Thrombocytopenia is a major cause of abnormal bleeding in patients with 
myeloma '°**; however, another cause may be an impaired thrombin-fibrinogen 
conversion, due to interference in the availability of calcium by an abnormal pro- 
tein.'°*® “Thrombin accelerator,” a clotting factor present in normal plasma, may be 
deficient in some cases.'°7® 

Clinical Manifestations —Two studies of large series of cases of multiple mye- 
loma have been reported by Meacham *°"? and Schwartz and Cataldo.'°** A partial 
summary of their results is charted in Table 5. Schwartz and Cataldo believe that the 
best diagnostic guidepost is “an acute awareness that everything is not what it seems” 
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and that all vague and equivocal symptoms and findings must be thoroughly inves- 
tigated.*°%* Several such equivocal findings possibly pointing to the diagnosis of 
multiple myeloma are unexplained anemia (often macrocytic) ; osteoporosis, diffuse 
or discrete (particularly if the cranium is involved) ; hypercalcemia with normal 
alkaline phosphatase; renal insufficiency associated with elevated serum calcium, 
and/or normal or low globulin and/or Bence-Jones proteinuria. Renal failure in 
the latter case may be due to cast formation of Bence-Jones protein and calcium 
in the kidney tubules.1°"7 A case of myeloma simulating hyperparathyroidism with 
hypercalcemia, parathyroid hyperplasia, and impaired renal function has been 
reported recently.1°" 

Treatment.—As yet, no really satisfactory therapy has been discovered, although 
urethan has shown promise. As many as 35% of patients treated with urethan 
undergo “clinical remissions.”*’® Radiation also may give some relief from pain.’°™’ 
Triethylene melamine therapy may result in decreased bone pain, but no objective 


changes in the disease have been noted.*** 


PoLYCYTHEMIA AND RELATED DISORDERS 


A masterful report of abnormalities in the circulating red cell mass and plasma 
has been made by Lawrence, Berlin, and Huff. In a study of 207 patients with 
polycythemia vera, the most common symptoms were headache (45%), dyspnea 
or orthopnea (34%), dizziness or vertigo (28%), scotomata (27%), and epigas- 
tric discomfort (25%). Physical examination demonstrated that plethora (62%), 
splenomegaly (66%), and hepatomegaly (33%) were present, while one-half of 
the patients had systolic pressures greater than 150 or diastolic pressures greater 
than 90, or both. The highest incidence was seen in women of the 60 to 70 age 


group, and the average age at onset was 52.1°°° Triune marrow hyperplasia, 1. e., 
an increase in erythroid, myeloid, and platelet production, was present. About 
65% of the group had platelet counts over 300,000 and 74% had white cell counts 
above 10,000, with a coefficient of correlation of 0.75 between total white and red 
cell counts. Immature cells of the myeloid series were seen frequently in the 


peripheral blood.# 

3one marrow studies reflected a distinct increase in the number of nucleated 
red blood cells but were not of sufficient proportion to be diagnostic. Histologic 
sections of bone marrow punctate are diagnostically significant and useful in eval- 
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uating treatment, but bone marrow films are of limited value.* The etiologic rela- 
tionship between polycythemia and myelofibrosis is still agnogenic, although fibrotic 
marrow has been noted by several authors. 

Blood volume is elevated as a result of increased red cell volume, but plasma 
volume is usually normal or decreased.t Blood viscosity and circulation times are 
increased, presumably as a result of the increased red cell volume.1°°” 

Abnormalities in the metabolism of iron are related to (1) abnormal sites of 
red cell formation, (2) excessive production rates, and (3) decreased red cell 
life span. A few patients showed splenic hemopoiesis detected by radioactive iron 
a 

# References 937 and 1080. 

* References 1080 and 1081. 
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(Fe®*), and many exhibited transformation of adipose marrow to hemopoietic 
marrow.§ The utilization of Fe*® in polycythemia vera indicates a larger iron turn- 
over than would be expected for the increased total red cell volume. The iron 
turnover, however, is proportional to the red cell volume in secondary polycythemia. 
Experiments using radioactive carbon (C’*) show two populations of red cells, 
one with a normal life span and the other with a reduced longevity. The latter 
group is thought to account for the large amount of iron utilized in these patients.?°*° 


Iron turnover rates are of value in questionable diagnoses and reflect response 
to therapy earlier than red cell volume changes.'°*° 

Although abnormally low arterial oxygen saturation has been found in patients 
with polycythemia vera,’°*®® this is exceptional.'°*° 

Lawrence and co-workers theorize that the frequent thromboses seen in poly- 
cythemia are due to thrombocytosis and that the paradoxical hemorrhages are the 
result of increased blood volume and capillary distention. No incoagulability was 
observed in this series.’°°° Hypoprothrombinemia and capillary endothelial hypoxia 
may also be factors associated with hemorrhage. A single case of acute oblitera- 
tive endophlebitis of the hepatic veins has been reported secondary to polycythemia 


vera.'°* 


A causal relation of peptic ulcer to polycythemia has not been confirmed.?°% 
Lymphatic leukemia and polycythemia have been found in the same patient.°*° A 
case of coincident chronic pulmonary tuberculosis and polycythemia vera, in which 
the lack of gross change in the red cell mass was attributed to the inhibitory effect 
of the infection on erythropoiesis, has been noted.'°** 

The hypophysis-hypothalamus system remains a possible etiologic mechanism 
for polycythemia. Polycythemia may be associated with Parkinson’s disease, brain 
tumor, and, occasionally, Cushing’s disease.1°°° On the basis of these findings, 
Haynal and co-workers tried to depress pituitary function in four cases of symp- 
tomatic polycythemia and nine cases of erythremia by the use of p-hydroxypro- 
priophenone. The results obtained may support the theory of hyperpituitarism as 
the etiologic basis of the disease.1°*® Increased red cell volume in adrenalectomized 
rats after oral administration of sheep pituitary anterior lobe supports this con- 
cept *"° 

In general, symptoms and signs improve with radioactive phosphorus (P**) 
treatment in proportion to the degree of return to normal levels of the erythro- 
cyte count and total red cell volume. With P** the peripheral blood picture often 
approaches normal.'°*° Triethylene melamine also has been used with some success 
in the treatment of polycythemia vera.1°*! 

Seventy per cent of patients with polycythemia vera have an associated leukemic 
or leukemoid blood picture. Polycythemia is “a disease in which leukemia is prone 
to develop.” '°°° The benefits of radiation therapy in polycythemia far outweigh 
the danger of an induced leukemia.|| In their series of 201 cases, Lawrence and 
co-workers found a median survival of 13.2 years for the patient with polycythemia 
vera; leukemia presented the chief obstacle to a normal life expectancy.’°*° 

Relative Polycythemia—Hemodilution or hemoconcentration may cause a “rela- 
tive” anemia or polycythemia as evidenced by the change in erythrocyte count, 





§ References 1080 and 1081. 
|| References 322 and 1092. 
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hemoglobin, and hematocrit level. Relative polycythemia has been observed in 
alcoholic cirrhosis,’°*? dehydration, and shortly after arrival at high altitude (later 
becoming an absolute polycythemia) .'°°° 

Relative polycythemia is seen primarily in men in their fourth and fifth decades ; 
about one-half were obese and one-half were hypertensive. A pathologically low 
plasma volume exists with a normal red ce!l volume, while white cell counts and 
platelet counts are normal. About 50% of the patients show overt nervous stress 
and strain.’°*° Its association with peptic ulcer, hypertension, and coronary artery 
disease is felt to support the concept of psychosomatic origin of this disease.?°™* 
Greppi believes that this hemodynamic condition is an expression of the aggressive, 
hypertonic constitution.?°%* 

Secondary Polycythemia.—Secondary polycythemia may be the result of cardi- 
ovascular | or pulmonary disease, residence at high altitudes, or brain tumor. 
Patients have elevated red cell counts, normal leucocyte and platelet counts, and 
absence of palpable spleens. Red cell and total volumes are increased, but the 
plasma volume is normal or decreased.# Arterial oxygen saturation is consistently 
lower than normal. Association of secondary polycythemia with congenital heart 
disease results in a shift of the oxygen dissociation curve to the right which is diag- 
nostically significant.7°*> Iron turnover rates are compatible with total red cell 
volume.’°*° Hemoglobin metabolism was studied in a patient with gout associated 
with polycythemia secondary to congenital heart disease.'°* 

As a result of a comparative study of sternal and iliac marrows in a patient 
with polycythemia secondary to a patent ductus arteriosus, it was concluded that 
erythropoietic activity may be suppressed by localized hypoxia, while in areas of 
normal oxygen tension hyperplasia may exist. This favors a humoral mechanism 
for anoxemic polycythemia.’°® Complete relief of secondary polycythemia fol- 
lowed removal of associated uterine fibroids in one instance.’°® Studies on the 
role of the sympathetic nervous system in erythropoiesis lead to the conclusion 
that “the peripheral sympathetic nervous system of the dog is not essential for 
the polycythemic response of anoxic anoxia.”''°’ Highman and Aultland think 
that both polycythemia and hypoxia must be present to explain the increased sus- 
ceptibility to bacterial endocarditis of rats at high altitudes.1’' 

Treatment of secondary polycythemia is directed toward the primary cause. 

Erythromyelosis, Myelosclerosis, Erythroleukemia, and Other Related Condi- 
tions —These are a group of conditions which appear to be related, but their rarity 
and points of dissimilarity have led to their descriptions under a wide variety of 
names. It would appear that granulocytic leukemia, erythroleukemia, and erythro- 
myelosis represent malignant phases and that such conditions as myelosclerosis, 


panmyelosis, and possibly even polycythemia vera represent nonmalignant phases. 


A case of chronic erythremic myelosis (erythromyelosis, erythroleucopiastrin- 
emia, di Guglielmo’s disease), with differential diagnosis, has been reported.'°? 
Occurrence of the same condition in a benzene (benzol) worker led Nissen and 
Ohlsen to suggest that benzene exposure might have led to a hyperplastic reaction 
of the erythropoietic system and resulted in the erythromyelosis.°°* Treatment of 
one case with triethylene melamine did not affect the course of the disease.*** 


{ References 1096 and 1097. 
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A restudy and reevaluation of 19 cases originally diagnosed as “chronic mye- 
logenous leukemia” disclosed that 8 were chronic myelogenous leukemia, 7 were 
panmyelosis, and 4 represented an intermediate condition. Some of the character- 
istics of the panmyelosis are a pleomorphic proliferation of the reticuloendothelium, 
a transition of one myelosis into another, and a lengthened survival time.'?®* 

One case of apparent myeloid metaplasia later developed into myelogenous leu- 
kemia.*** Splenectomy in five patients with myeloid metaplasia is discussed under 
bone marrow failure (page 661 ).*°° 

Three cases of polycythemia later developed into myelosclerosis and leuco- 
erythroblastosis. The evidence for the primitive reticulum cell of Maximow as a 
common source has been summarized.*** The high blood uric acid levels occurring 
so commonly in chronic myeloid leukemia and polycythemia are also found in mye- 
losclerosis and in the latter condition may often result in gout.°° A review of the 
morphology and histogenesis of the lesions in four cases of myelosclerosis has led 
Peace to suggest that this syndrome is a general mesenchymal reaction to several 
types of injury.**® Other aspects of myelosclerosis are reviewed on page 660. 

Reports have been made of several cases of erythroleukemia, a condition in 
which both erythroid and myeloid proliferation occur and which many believe to 
be a variant of myelogenous leukemia.* One patient did not respond to aminop- 
terin," but another patient treated with triethylene melamine improved tem- 
porarily.1°* 





* References 938 and 1106-1108. 
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Scientific Exhibits 


QUERCETIN IN RELATION TO OTHER FLAVONOIDS 


J. Q. GRIFFITH Jr., M.D. 
F. DeEDS, Ph.D. 


J. NAGHSKI, Ph.D. 
AND 
C. F. KREWSON, Ph.D. 
PHILADELPHIA 


LINICAL studies on the application of rutin in the treatment of spontaneous 


capillary fault associated with hypertension in humans’ have demonstrated 


that a minority of subjects (approximately 12%) failed to respond to rutin therapy, 


in spite of a wide range in dosage. 


Since pharmacological studies had indicated that the physiological activity of 
rutin resides in the flavonol moiety, that is, the quercetin portion of the molecule, 
it seemed advisable to submit quercetin to clinical testing.’ 

Principally, this Exhibit is a report of these clinical investigations with quer- 


cetin and includes results of related chemical and pharmacological studies. 


REFERENCES 
1. A complete account of these studies will appear in a forthcoming book, “Rutin and 
Related Flavoncids,” by J. Q. Griffith, C. F. Krewson, and J. Naghski, Easton, Pa., Mack Pub- 
lishing Company. 
2. A preliminary account of these studies has appeared in Griffith, J. Q., Jr.: Clinical Applica- 
tion of Quercetin: Preliminary Report, J. Am. Pharm. A. (Scient. Ed.) 42:68, 1953. 





RUTIN AND RELATED FLAVONOIDS 
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Figure 1 





PREPARATION OF QUERCETIN 





OxsuGaR MOIETY = + 


GLUCOSE 
RHAMNOSE 


AQUEOUS SULFURIC ACID 





O-H GLUCOSE 
+ & 
RHAMNOSE 


QUERCETIN 


Quercetin is prepared by hydrolyzing purified rutin 
(or quercitrin) with boiling aqueous sulfuric acid, using 
2 to 10% concentrations of rutin in | to 5% acid. 


Figure 2 
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Toxicity STUDIES ON QUERCETIN 


A.M. Ambrose, D.J. Robbins and F. De Eds 


Quercetin was studied for signs of acute 
and chronic toxicity. Rabbits injected intraven- 
ously with |OO mg. per kg. of quercetin solu- 
bilized with methyl glucamine showed no toxic 
reactions The rate of growth of male and 
female albino rats was not affected when the 
diet contained as much as one percent of 
quercetin, and after 410 days on such a diet, 
gross and microscopic examination of the 
tissues revealed no evidence of tissue damage 
that could be attributed to the diet fed. 
The organ weights of the experimental 
animals were normal. Hematological studies 
revealed no differences between the control 


and experimental animals. 
Figure 3 


EFFECT OF QUERCETIN 
ON EXCISED FROG HEART 








ML tu ALAR 


1 


4 


0.2 mg. quercetin applied to ven- 
tricle through aortic cannula. 


Kymograph stopped for one minute. 


Figure 4 





PHARMACOLOGY OF RUTIN 
F. DeEds and Co-workers 


THE aaa | OF RUTIN AND QUERCETIN ON AUTOXIDATION OF 
PINEPHRINE-HCL IN BUFFERED MEDIUM 





EPINEPHRINE | EPINEPHRINE EPINEPHRINE 
VESSEL CONTENTS « ALONE + RUTIN + QUERCETIN 
: (E) (E +R) (£+Q) 


CONCENTRATION OF EPINEPHRINE 1: 2000 1: 2000 1: 2000 PROTECTIVE ACTION OF QUERCETIN 


FINAL FLAVONOL CONCENTRATION 1.1: 2000 1.1:4000 


oH, INITIAL 1.20 | 1.20 16 AND RELATED FLAVONOIDS AGAINST 


pH, AFTER 27.5 HOURS 7.09 7.04 


ie Sepa eee “HISTAMINE SHOCK IN GUINEA Pics 


AI vessel contents made up in 0.1 M phosphate buffer, pH 7.2, 37°C Atmosphere, air February 5, 1947 
R.H. Wilson, A.N.Booth and F. De Eds 














Guinea pigs were depleted of fiavonoid materials by 
feeding them a scorbutic diet supplemenied with ascorbic acid 
for one or two weeks. The flavonoids were given intraperito- 
nealiy in a dose of 40 mg. per animal 30 minutes prior 
to the intravenous injection of an LD,. dose of histamine. 


Q, UPTAKE ™ uu? 





Survival of histamine-treated guinea pigs 
after pre-treatment with flavonoid compounds 


Time iN MINUTES 





SURVIVAL OF SCORBUTIC GUINEA PIGS ON MINIMAL DOSES Controls Experimental 
OF ASCORBIC ACID WITH AND WITHOUT RUTIN OR QUERCETIN 


yi | Percent 8% | Percent 
ose 


Survivin Survivin 
er 9 or 9 





Quercetin Yo 30 80 
Rutin 8/5 53 
Quercitrin Yr 57 


Methyl! Hesperidin 
Chalcone e/7 29 























Figure 7 


<— EFFECT OF QUERCETIN 
8 0A ON CUTANEOUS CAPILLARIES 


Figure 5 . 
EFFECT OF QUERCETIN ON EPINEPHRINE RELAXA- OF RABBITS 
TION OF GUINEA PIG COLON—2 meets Att Rabon ond € Dota 


As determined by appearance of 


intravenously administered trypan blue 
in chloroform irritated areas. 





Staining time in minutes 
Before After 





Rabbit No 





| 234 5 2 5 2.5 
Relaxation caused by addition of 2 gamma of epinephrine 50 2 S 2.5 
to excised organ bath. 

. Organ bath washed out. 90 4 40 
. O13 mg. quercetin added to bath. 50 | 3 

. 2 gamma of epinephrine added. Note prolonged relaxation by 

epinephrine in presence of quercetin which acts as antioxidant 

. Crgen bath washed out. These data are consistent with those on 35 

. 2gamma of epinephrine produced approximately same rabbits given rutin (IOO mg/kg) and a total of 165 


degree of relaxation as at |. Figure 6 rabbits treated with various flavonoids. Figure 8 


3.0 


























ABSORPTION AND METABOLISM OF QUERCETIN 


Quercetin labeled with radioactive curbon-I4 
was given to an albino rat by stomach tube. 
The rates of excretion as measured by radioactivity 














were followed separately in the urine and feces, 
and plotted below. 
30 T T 
\ 
r  20- = 
-~ : 
“4 ° ANIMAL SACRIFICED, 
53 . FECES jo 
<8 Y ania 
° in | i 
° 10 20 30 
TIME, HOURS 
The rapid absorption of quercetin was demon- 
strated by the early appearance of radioactive 
metabolic products in the urine. 
Figure 9 


ABSORPTION AND METABOLISM 


OF QUERCETIN 
A.N.Booth, C.W. Murray, F De Eds and F.T. Jones 


Quercetin given orally to rabbits, rats, and man is 
absorbed as shown by paper chromatographic evidence of a 
number of phenolic substances in the urines. These substan- 
ces are metabolic products of quercetin and are absent from 
control urines. One of these metabolites has been identified 
as 3,4-dihydroxyphenylacetic acid, derived by splitting of the 
quercetin molecule as indicated by the dotted line. 


QO / OH 
“Ci 
x 
\ OH 
fe) 4 N OH 
iit woot \or 
Quercetin 3, 4-Dihydroxyphenylacetic acid 


Identity of this metabolite was established by the melting point, 

ond carbon and hydrogen values of the compound, and by 

identity of crystallographic data, spectrophotometric data of 

its indophenol,and x-ray diffraction pattern with similar data 

on an authentic sample of 3,4-dihydroxyphenylacetic acid. 
Figure 10 


FLAVONOIDS AND NUTRITIONAL STRESS 


CA. Elvehjem and M. Schreiber 


Courtesy of 





All animals were maintained for three weeks 
ot 90 % Relative Humidity., water “ad /ib” 
DIETS: ! Complete 

2- Complete minus thiamin 

3- Complete minus riboflavin 


4- Same as 2 plus 025% quercetin 
5- Same as 3 plus 025 % quercetin 


Figure 11 


FLAVONOIDS AND NUTRITIONAL STRESS 


CONDITIONS REQUIRED TO PRODUCE NASAL EXCRETION 
OF A RED PIGMENT (PORPHYRIN ? ) 


High relative humidity (90 %) 


a B-vitamin deficiencies (thiamine, 
pantothenote, pyridoxine, etc.) 


plus either 


riboflavin 
or 


b Water limitation using a complete diet. 


DISCHARGE OF PIGMENT PREVENTED BY 


Flavonoids (quercetin or rutin) or 
humidity (70 %. or less) 


Addition of Active 
Reduction of relative 


OTHER MATERIALS ASSAYED FOR ACTIVITY: 


Less effective than quercetin and rutin: 


Quercetrin and Noaringin ‘ 


Having little activity: 


Hesperetin, Hesperidin, Naringenin, Hesperedin- 


methyl- chalcone 
Inactive: 


Penicillin, Streptomycin, Aureomycin, Ascorbic acid 


and Salicylic acid 


Figure 12 











ANTAGONISTIC EFFECT OF FLAVONOIDS ON 
THE ANTICOAGULATIVE ACTION OF PIPERAZINE 


NO CLOT 
[] Test storreo at 180 sec 


L 


PIPERAZINE 
+ QUERCETIN 
(3) 


RaT 


SECONDS 


PLASMA PROTHROMBIN 
TIME, 











im 


CONTROL PIPERAZINE 





PIPERAZINE 
+ RUTIN 
(4) 


(1) (2) 


Experimental Conditions 





Immediately before addition of thromboplastin 
and CaCl2, oxalated human or rat plasma was 


treated with io volume of the following solutions 
1) Physiological saline 
2) Piperazine (87mg./mi.) 


3) Piperazine (87mg./mi.) containing quercetin 
(25 mg./mi.) 
4) Piperazine (87mg/mi.) containing rutin (25mg/mi.) 


Figure 13 


The clinical part of this study was aided by a grant from 
Abbott Laboratories, North Chicago, III. 
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PETECHIAL INDEX 


AFTER GOTHLIN TECHNIQUE 


A CIRCULAR AREA, 6 CM. IN DIAMETER, IS MARKED OFF IN EACH 
ANTECUBITAL SPACE. 

FIRST STAGE: INFLATE A BLOOD PRESSURE CUFF ABOUT EACH 
UPPER ARM TO 35 MM. OF MERCURY FOR 15 MINUTES. THERE- 
AFTER, COUNT THE PETECHIAE. 

SECOND STAGE: AFTER ONE HOUR, REPEAT, USING 50 MM. CUFF 


PRESSURE. 


CALCULATION 


PETECHIAE IST STAGE x 2 
+ PETECHIAE 2ND STAGE = P. 1. 


NORMAL = 8 (OR LESS) INCREASED = 13+ 


BORDERLINE, PROBABLY INCREASED, 9 - 12. 


Figure 14 


ILLUSTRATION OF GOTHLIN PROCEDURE 


OOO 


DRAMINGS, ACTUAL SIZE, OF THE SKIN IN THE ANTECUBITAL SRACE 
OF THE LEFT ARM CONTAINED WITHIN A CIRCLE 6 CM. IN DIAMETER. 
A VEIN PASSES UPWARD. A FRECKLE !S LOW ON THE RIGHT. A RED 
SPOT, PROBABLY A TELANGIECTASIS, SHOWS ABOVE. A DOT OF INK 
1S PLACED ON THIS, AS SHOWN IN THE UPPER DIAGRAM AND ON 
THE SKIN IN THE LATER DRAWINGS. 
THIS IS THE APPEARANCE AFTER THE FIRST STAGE OF THE GOTHLIN 
INDEX. TWELVE PETECHIA HAVE APPEARED, AND ARE CHARTED IN 
THE UPPER DIAGRAM. 
USE HAND LENS. 
SHOW THE APPEARANCE FOLLOWING THE SECOND STAGE . THE 
TWELVE PETECHIA ARE COVERED BY INK DOTS, AND THREE NEW 
ONES HAVE APPEARED. 


Figure 15 








NEGATIVE PRESSURE TEST FOR CAPILLARY FRAGILITY 


that described by Brown using 
manufactured by Rexall Drug 


Method is essentially 
the “Petechiometer” 
Company. 


in diameter and free of 
surface of 


of skin 2cm 
is selected on the flexor 
arm just above the elbow. 


| An area 
blemishes, 
the upper 


is set to give a negative pressure 
of mercury when released. The 
bell, 2 cm. in diameter, is applied to the 
moistened skin area, the plunger released and 
the negative pressure applied for one minute. 


The plunger 
of 200 mm. 


Negative pressure is then relieved and the 


instrument removed. 
of 


portion 
2 


30 seconds or more, the number 
in the central 


After 
petechiae are counted 


lem, of the tested area. If more than 
occur, fragility is said to be increased. 
Figure 16 


TECHNIQUE FOR MEASURING CUTANEOUS 
LYMPHATIC FLOW 
1. THE BLUE COLLOIDAL DYE, PATENT BLUE, IS USED, PUR- 
IFIED ACCORDING TO THE METHOD OF McMASTER. 


2. ONE INJECTS INTRACUTANEOUSLY 0.04 C.C. OF THE DYE 
IN THE ANTECUBITAL SPACE AND FOLLOWS THE SPREAD OF 
STREAMERS FOR 15 MINUTES. SPREAD DURING THE FIRST 
MINUTE 1S DUE TO THE FORCE OF THE INJECTION. FROM 
THE FIRST TO THE ISTH MINUTE, THE SPREAD SHOULD BE 
NO MORE THAN 3/4THS OF AN INCH. A GREATER SPREAD 


INDICATES AN INCREASED FLOW. 


THE COLOR DISAPPEARS, ALWAYS WITHIN 2 DAYS, OFTEN 
IN 18 HOURS. IN SOME 5000 TESTS NO REACTION HAS 
OCCURRED AND NO PERMANENT DISCOLORATION RESULTED. 
RARELY, A TRANSIENT REDNESS IS SEEN ABOUT THE AREA 
OF INJECTION, LASTING ONE HOUR. 

Figure 17 


QUERCETIN TREATMENT OF CAPILLARY FAULT 


CLINICAL MATERIAL-156 CASES 


Age and sex distribution: 






























































Age 21-30 | 31-40 | 41-50 | 51-60 / 61-70 |7I— [TOTAL 
Male 2 6 10 34 = 5 66 
Female! o 2 14 26 12 A se 
Diagnostic test used 
Gbthiin only 39 
Géthlin and negative pressure 2I 
Géthiin and lymphatic flow 6 
Gothlin, negative pressure, and lymphatic flow 4 
Negative pressure only 20 «@ 
Lymphatic flow only 19 
Negative pressure and lymphatic flow 5 
Total 114 
Duration of follow-up 
Years followed| '/2 | | Ee Summary 
Patients 30 |} 29 | 59] 6 124 
Uncooperative i _32} 
Total 156 
Figure 18 


EFFECT OF QUERCETIN ON CAPILLARY FAULT 





























rotat| Previous CASES WITH CAPILLARY FauLrT® 
CASES |TREATMENT BEFORE QUERCETIN| AFTER QUERCETIN 
66 NONE 66? 5 
49 RUTIN 49 ° 
9 RUTIN ° ° 
e Abnormal test repeated every 3 months through- 


out study, in so far as patient cooperation could 
be maintained. 


Includes one which could not be measured, a 


colored person with repeated retinal hemorrhages 
clearing after therapy t 
In all, 549 repeated tests were carried out in 
123 cases. 
? 
Effect of discontinuing quercetin therapy on test 
results 
Test remained normal fe) 
Test became abnormal Wl 
Effect of resuming quercetin therapy in 8 of 
above cases 
Tests became normal 8 
Tests remained abnormal O 


Figure 19 





COMPARISON OF QUERCETIN AND RUTIN FLAVONOID THERAPY: MORTALITY EFFECT 
IN CAPILLARY FAULT IN CAPILLARY FAULT CASES * 


00 
Total cases Corrected a g 
Quercetin 123 18 96.0% PERCENT 00 


Rutin 385 341 68.6% ‘ism 
' 
DEATH 429 











Dosage required for correction of capillary fault 200 a 


DAILY RUTIN QUERCETIN Q qa 
o0se CAPILLARY FAULT CAPILLARY FAULT NOT RUTIN QUERCETIN 
Mgm. | CORRECTED | ABNORMAL |CORRECTED | ABNORMAL TREATED TREATED TREATED 


? - -- 
30 83 3 NUMBER IN SERIES 217 199 124 


40 19 -- TIME FOLLOWED, YEARS 4+ 4¢ 3 or jess 
£0 2 <- EXPECTED DEATHS® 1S 3. 

vd - 2 23 6 

80 ACTUAL DEATHS 93 

100 MORTALITY, % OF 

EXPECTED DEATH eis 150° 193° 




















Calculated from mortality table as shown in 
accompanying chart. 























: The difference between the value for quercetin 

‘ — a ~ neers Swen: Soe Seen and rutin may not be significant because of 
indicate minimum, 1|3 persons taking 40 mgm. and 
9 persons taking 60 mgm. were started at that 


dosage. 


the less extensive study with quercetin. 


From the monograph "“Rutin and Related Flavonoids" 
by Griffith, Krewson and Naghski, Mack Publishing 
» Both diabetics, one in uremia. Company, Easton, Pa. (In Press ) 


Figure 20 Figure 22 
MORTALITY TABLE USED FOR CALCULATING THE NORMAL 
OR EXPECTED MORTALITY (U. S. LIFE TABLES: 1339-41) 
Based on the white population of the United States 
MALE 


MORTALITY MORTALITY MORTALITY MORTALITY 
RATE AGE RATE = AGE-_RATE AGE _RATE 


2 -00212 .00363 01155 -03685 

QUERCETIN THERAPY & VASCULAR ACCIDENTS "00223 j "01253 "03975 
2 00232 = -01360 04293 

00238 © -01476 -04643 

00241 ° -01602 -05028 





-00243 ° 01737 -05454 
NUMBER OF SUBJECTS oon “02038 rere 


AFTER QUERCETIN -02195 -07014 


102366 107637 
COOPERATI 
sane ae anienn ERATIVE] UNCOOPERATIVE ; re 
ACCIDENTS | QUERCETIN ‘<2 32 : : -02743 
156 NOT leatac| NOT : é 103177 
FATAL FATAL i : -03420 














CEREBRAL ' ° METHOD OF CALCULATION 


conowary ' The total expected mortality from which the ratios shown on the succeeding 
RETINAL charts were computed, was obtained by adding togetner for each subject studied 
the mortality rates of this chart for the ages attained from the time of the 
OTHERS first visit to the present time or to the year of death, and totaling the results. 











TOTAL An example: The expected mortality for a male age 40 at the time of the 
visit who has been followed for 5 years is .00513 + .00554 + .00600 + .00650 + 
-00706 = .03023. 




















FEMALE 


; ; MORTALITY MORTALITY MORTALITY MORTALITY 
All in persons with former retinal hemorrhage: ASE  _RATE_ See, | A ee 
4 being diabetic, and! with capillary fault -00145 .00278 .02643 
achonaed. -0015% -00292 4 -02893 
ee -00162 -00309 ; -03174 


; -00170 F ‘ 03489 
Dissecting aortic aneurysm, |; following -00176 ‘ e -03841 


Sympathectomy, 2; unknown, 2. 00182 5 4 04233 
a - 00188 3 : 0123 - 04669 
Figure 21 ° 00195 : : 05150 
.00203 : ‘ - 05680 
-00211 ; ‘ 015i .06259 


Figure 23 -00220 : P - 06889 
_ al .00230 : ‘ .07569 
-00240 : : - 08300 

.00252 ‘ ‘ - 09083 

. 00264 io ‘ -09921 











A. M. A. ARCHIVES OF INTERNAL MEDICINE 


PHARMACOLOGICAL & CHEMICAL SUMMARY 


Studies have shown that quercetin: 
1 - Has no acute or chronic toxicity. 


2- Is absorbed from the gastrointestinal tract and 
is metabolized 


3- Increases Trypan Blue escape time from capill- 
aries in areas of irritation. 


4- Stimulates the excised frog heart. 


5- Hos a protective action against histamine shock 
in guinea pigs. 


6- Prevents the autoxidation of epinephrine and 
prolongs the epinephrine relaxation time of 
excised guinea pig colon. 


7- Has a sparing action on ascorbic acid in 
scorbutic guinea pigs 


8- Prevents nutritional stress at high relative 
humidities in rats on limited water intake or 
on diets deficient in vitamins of the "B"complex. 


9- Antagonizes the anticoagulative action of 
piperazine in plasma. 
Figure 24 


SUMMARY 


CLINICAL STUDIES 


1- Quercetin is superior to rutin in correcting 
capillary fault 


2- Quercetin was effective in correcting capillary 
fault in 49 subjects of (49) not responding to 
rutin therapy. 


3- Nine subjects whose capillary fault was 
corrected by rutin were transferred to 
quercetin without suffering a relapse. 


4- A daily dose of GOmgm. of quercetin is probably 
adequate. Exceptions may include patients with 
diabetes and retinopathy to whom higher 
doses have not as yet been given. 


5- To date quercetin appears to share with rutin 
the ability to lower mortality and morbidity. 
Longer periods of study may show it to be 
superior to rutin in this respect. 


Figure 25 
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News and Comment 


ANNOUNCEMENTS 


Regular Corps Examination for Medical Officers.——A competitive examination for 
appointment of Medical Officers to the Regular Corps of the United States Public Health Service 
will be held on Feb. 15, 16, and 17, 1955. Examinations will be held at a number of points 
throughout the United States, located as centrally as possible in relation to the homes of candi- 
dates, Applications must be received no later than Jan. 12, 1955. 

Kind of Appointments Available—Numerous opportunities in the fields of clinical medicine, 
research, and public health are available for physicians in the Public Health Service through- 
out the United States and overseas, 

Clinical Medicine: Service hospitals and Service-affiliated hospitals offer an extraordinary 
variety of cases. Opportunities for training and teaching exist at all levels. Most hospitals are 
general hospitals. There are a few specialized hospitals for diagnosis and treatment of tuber- 
culosis, narcotic addiction, psychiatric disorders, and leprosy, including unique facilities for work 
and study. 

Public Health: Service physicians act in a consultant and participant capacity, cooperating 
with local health authorities in demonstrating new methods of improving public health, con- 
trolling disease, and fighting epidemics. 

Research: The National Institutes of Health, consisting of seven member institutes, such as 
the National Cancer Institute and the National Heart Institute, as well as the newly built 
Clinical Center, offer research in virtually every aspect of clinical medicine and the preclinical 
sciences. Research is also carried on in field stations throughout the United States and various 
parts of the world. 

Examinations —Entrance examinations will include an oral interview, physical examination, 
and comprehensive objective examinations in the professional field. 

The objective professional examination for the grade of Assistant Surgeon will be on various 
areas of medicine: basic medical sciences, including anatomy, physiology, biochemistry, micro- 
biology, and pathology; practice of medicine, including internal medicine (including neurology 
and psychiatry), therapeutics and toxicology, pediatrics, and medical problems of obstetrics 
and gynecology; practice of surgery, including surgery, orthopedics, gynecology, obstetrical 
procedures, and preventive medicine and public health. The examination for Senior Assistant 
Surgeon will include the above subjects with the exception of anatomy. 

Physical Requirements: Candidates must be found physicaily qualified as a result of an exami- 
nation performed at a Public Health Service facility. The physical standards for appointment 
to the Commissioned Corps are relatively high. Candidates who have a physical defect, or who 
have had serious illness or injury, should attach a statement to their applications outlining 
in detail the nature of such illnesses or injuries, treatment received, periods of hospitaliza- 
tion, length of absence from work, and present status. 

Advantages of a Career in the Public Health Service —The Regular Corps is a commissioned 
officer corps composed of members of various medical and scientific professions, appointed in 
appropriate categories, such as medicine, dentistry, nursing, sanitary engineering, pharmacy, and 
others. 

Appointments will be made in the grades of Assistant Surgeon (equivalent to Navy rank of 
Lieutenant [jg]) and Senior Assistant Surgeon (equivalent to Lieutenant). In making assign- 
ments, consideration is given to the officer’s preference, ability, and experience ; however, all com- 
missioned officers are subject to change of station and assignment as necessitated by the needs 
of the Service. Appointments are permanent in nature and provide opportunities to qualified 
physicians for a life career in clinical medicine, research, and public health. Applicants who 
successfully complete this examination may ordinarily expect appointment as soon as they 
become eligible. 

Gross pay is identical to that of officers of equivalent rank in the Army and Navy. Entrance 
pay for an Assistant Surgeon with dependents is $6,017 per annum; for Senior Assistant Surgeon 
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with dependents, $6,918. These figures include the $1,200 annual additional pay received by 
Medical Officers as well as subsistence and rental allowance. 

Promotions: Provisions are made for promotion at regular intervals up to and including the 
grade of Senior Surgeon (Commander) and for promotion by selection to the grade of Medical 
Director (Captain). * : 

Retirement pay after 30 years of service or at the age of 64 is three-fourths of annual basic 
pay at the time of retirement. Minimum disability retirement pay is ordinarily one-half of 
annual basic pay at the time of disability retirement. 

Additional benefits include periodic pay increases (time served as a member of the armed 
forces is credited), 30 days annual leave, sick leave, medical care, and other privileges. 


Selective Service—Active duty as a commissioned officer with the public health service ful- 
fills the obligation of selective service. 

Requirements for Filing—Both Grades: United States citizenship. At least 21 years of age. 
Graduation from a recognized school of medicine. 

Assistant Surgeon: At least seven years of collegiate and professional training and appro- 
priate experience. 

Senior Assistant Surgeon: At least ten years of collegiate and professional training and 
appropriate experience. 

Applicants who will meet these qualifications within nine months of the date of the written 
examination will be admitted but may not be appointed until they fulfill the requirements. 
Physicians who are successful in the examination and are now serving internships will not be 
placed on active duty in the Regular Corps until completion of internship. 

How to File-—Application forms may be obtained by writing to the Chief, Division of Per- 
sonnel, Public Health Service, Department of Health, Education, and Welfare, Washington 25, 
D. C. A copy of the applicant’s birth certificate and of transcripts covering all undergraduate and 
graduate education should accompany application forms. Completed application forms must be 
received in the Division of Personnel no later than Jan. 12, 1955. 

Applications received after the above date will not be accepted for this examination, but may 
receive consideration for Reserve Corps appointment if applicant desires. 


Fellowships in Hematology.—Fellowships in hematology will be available for appoint- 
ment July 1, 1955, at Stanford University Hospital and the Fort Miley Veterans Administration 
Hospital. These fellowships carry a stipend with appointment and are subject to renewal for the 
following year. These fellowships will be served under Drs. Byron E. Hall and Forrest M. 
Willett, Chief of Medicine at the Fort Miley Veterans Administration Hospital. 

A fellowship in cardiology is also available at the Fort Miley Veterans Administration Hos- 
pital under the auspices of the San Mateo County Heart Association. This fellowship carries a 
stipend with appointment and is subject to renewal for the following year. This fellowship will 
be served under Drs. Arthur Selzer and Forrest M. Willett, Chief of Medicine at the Fort Miley 
Veterans Administration Hospital. 


PERSONAL NEWS 


The Joseph Goldberger Award in Clinical Nutrition.—Because of his long association 
with the A. M. A. ArcHIVES OF INTERNAL MEDICINE as an active and valued member of the 
Editorial Board, the ARCHIVEs is pleased to note that Dr. Russell M. Wilder, formerly professor 
and Head of the Mayo Clinic’s Department of Medicine, was presented with the American 
Medical Association’s Joseph Goldberger Award in clinical nutrition, on Nov. 5. 

Dr. Wilder was organizer and first chairman of the Food and Nutrition Board of the National 
Research Council, which began its work in 1940, and a member of the A. M. A. Council on 
Foods and Nutrition from 1933 to 1951. 

He is best known for his studies on diabetes mellitus, which so simplified its treatment for 
internists the world over. His researches embraced a field of studies on carbohydrate metabolism, 
induced thiamine deficiency in man, electrolyte disturbances in pathological conditions of the 
adrenal gland, and calcium metabolism in diseases of the parathyroid and for his active part in 
devising the Recommended Dietary Allowances and food enrichment program of the National 
Research Council during the war years. 

No one could be more richly deserving of this distinguished award. 
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Books 


Thoughts About Life. By Felix Friedberg. Price, $2.50. Pp. 40. Philosophical Library, 
Inc., 15 E. 40th St., New York 16, 1953. 


This forty-page booklet by a college teacher deals with subjects of concern to everyone. The 
essays are too short to deal with their subject in detail and would be of very little help to a 
physician, teacher, or medical investigator. They are neither deep nor original but might be of 
some value to laymen, not to the person with problems under discussion. 


Year Book of Medicine 1953-1954. Edited by Paul B. Beeson, M.D.; Carl Muschenheim, 
M.D.; William B. Castle, M.D.; Tinsley R. Harrison, M.D.; George B. Eusterman, M.D., 
and Robert H. Williams, M.D. Price, $6.00. Pp. 735, with 127 illustrations. Year Book 
Publishers, Inc., 200 E. Illinois St., Chicago, Ill., 1954. 


When one considers the quality of the editorial board, it is not surprising that the Year Book 
of Medicine has become an almost indispensable asset to busy internists and general practitioners. 
Naturally, abstracts of all the significant articles of the period May, 1952, to May, 1953, are not 
included, but certainly most of the new developments in the internal medicine field are presented 
in a few representative communications. The average reader is grateful for the editorial 
comments and wishes that more of them appeared. Abstracts of important periodical publications 
in the fields of infections, diseases of the chest, blood and blood-forming organs, heart and 
blood vessels and kidneys, the digestive system, and disorders of metabolism are included. The 
book is worth reading in its entirety. 


Proceedings of the Annual Meeting: Council for High Blood Pressure Research of 
the American Heart Association, 1953. By R. W. Sevy, M.D.; Georges M. C. Masson, 
M.D.; Simon Rodbard, M.D.; D. M. Gren, M.D., and George A. Perera, M.D. Price, $2.00. 
Pp. 94. American Heart Association, 44 East 23rd St., New York 10, 1954. 


This interesting book is a collection of five excellent papers summarizing recent investigative 
work. These are “The Anterior Pituitary and Adrenal Cortex in Experimental Hypertension,” 
“The Role of Renin in Experimental Hypertension,” “Blood Pressure Regulatory Mechanisms 
and Salt-Water Exchanges,” “The Changing Patterns of Sodium Metabolism in Hypertension,” 
and “Electrolyte Participation in Human Hypertension.” All of these are thought-provoking 
and undoubtedly add additional knowledge to the perplexing problem of human essential hyper- 
tension. They contribute nothing to the present clinical management of hypertension, although 
a simple salt-loading test to determine those persons who may respond to treatment is proposed. 
This book is highly recommended to those interested in research in the field of hypertension, 
whether they are actively engaged in research or are practicing clinicians. 


Peripheral Nerve Injuries: Principles of Diagnosis. By Webb Haymaker, M.D., and 
Barnes Woodhall, M.D. Price, $7.00. Pp. 333, with 272 illustrations. W. B. Saunders 


Company, 218 W. Washington Sq., Philadelphia 5; 7 Shaftesbury Ave., London, W.C. 2, 
1953. 


This is one of the briefest and best illustrated books on peripheral nerves. The anatomical 
drawings are quite extensive and are very clear. There are numerous drawings and photographs, 
which aid in neurological diagnosis of peripheral nerve injuries. Associated injuries are also 
discussed. There is little discussion about disputed subjects relative to peripheral nerve injuries, 
such as treatment. The bibliography is very extensive and includes many foreign authors. 

This is an excellent book. It is particularly instructive in peripheral nerve anatomy and 
diagnosis. 

1047 








A. M. A. ARCHIVES OF INTERNAL MEDICINE 


Mayo Clinic Diet Manual: Second Edition. By The Committee on Dietetics of the Mayo 
Clinic. Price, $5.50. Pp. 247. W. B. Saunders Company, 218 W. Washington Sq., Phila- 
delphia 5; 7 Grape St., Shaftesbury Ave., London, W.C. 2, 1954. 


This diet manual is a revision of the original edition and is a valuable contribution to nutrition 
and offers a host of dietary recommendations. It has an outstanding value in that the various 
diets are simple to understand, are scientifically accurate, and are of great value to the general 
practitioner and specialist in nutrition alike. In addition to the standard dietary program utilized 
at the Mayo Clinic, this edition incorporates many new dietary changes such as new diets for the 
“dumping syndrome,” intestinal stomae, sprue, diabetes, hyperlipoidemia, obesity, anorexia 
nervosa, and for infants. In general, the many new minor changes in the text demonstrate 
improvement in this diet manual. The height-weight tables have been revised. This diet manual 
can be included as a necessary book for hospitals and for all who deal with therapeutic nutrition. 


Phasenkontrast-Hamatologie. By Prof. Hans Franke. Price, $2.30. Pp. 75, with 90 illus- 
trations. Georg Thieme, Diemershaldenstrasse 47, (14a) Stuttgart-O, 1953. 


Hematology is developing into many subspecialties. There is immunohematology (Rh, Hr.; 
Kell, Kidd, Lewis, etc.), the coagulationists, the students of iron metabolism, etc. These refer 
to function, but there have been new developments in the study of form as well. These depend 
on new instruments (electron microscope, phase microscope, etc.). There has therefore been 
the development of phase-contrast hematology. This new microscope enables us to study the 
living cells unaffected by stains. This new method is valuable for hematologists, bacteriologists, 
and pathologists. 

This small 75-page volume is highly recommended for its excellent 90 illustrations. These 
are splendid photographs of actual phase-contrast appearance of erythrocytes, polymorphonuclear 
leucocytes, eosinophiles, myeloblasts, lymphocytes, megakaryocytes, leukemic cells, nonleukemic 
cells, plasma cells, tumor cells, lymphosarcoma cells, and bacteria. They are of great value to 
all students of this new methodology. There could be a better text accompanying these splendid 
photographs. Information as to how to set up the phase-microscope (which is not at all easy) ; 
how to prepare the various media examined, and how to set up the photographic apparatus is 
sorely lacking. 

However, the excellent photographs make this little treatise a “must” for all students in the 
use of this new microscope in hematology, bacteriology, and pathology. 


Psychosomatic Case Book. By Roy R. Grinker, M.D., and Fred P. Robbins, M.D. Price, 
$6.50. Pp. 346. The Blakiston Company, Inc., 575 Madison Ave., New York 22, 1954. 


Through illustrative cases the authors show how psychosomatic medicine can be viewed as a 
“field” in which there is a “constant state of transactional, circular, corrective activity” among 
somatic, psychological, social, and cultural processes. They discuss and evaluate the earlier 
psychosomatic disciplines in terms of this field concept. 

The longitudinal approach, the attempt to uncover all the factors concerned in each case, 
is stressed. 

Anxiety is emphasized as a warning sign and as a source of biochemical changes, which, 
if prolonged, can permanently affect predisposed organ systems. The mechanisms of the common 
syndromes of these organ systems are reviewed and illustrated. 

It is important for the nonpsychiatrist to understand these mechanisms, for he must consider 
emotional factors in diagnosis, recognize those cases who need psychiatric help, and often under- 
take therapy himself. Also, he must understand his own role. It is not enough that he “do no 
harm.” He is warned, rather, to “do no harm by attempting what he knows not or can not.” 

The authors have condensed in this one small volume a choice sampling of the all-embracing 
field of psychosomatic medicine. To the nonpsychiatrist reader they have brought new under- 
standing of the field and its principles and marked the boundaries of their safe application by 
the thus initiated but unskilled. 
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COMPARATIVE RESPONSE TO COMMON METHODS OF THERAPY 
IN 24 CASES OF DISTAL COLON STASIS 
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Management of 


Distal Colon Sta 


The“‘irritable colon’’ resulting in distal 
colon stasis is a hard-to-manage by-product 
of many abdominal or stress conditions. 
Roentgen evaluation of the commonly used 
methods to combat colonic stasis has shown 
the value of Metamucil because of its lack of 
irritation and its high degree of effectiveness* 
in this most prevalent type of stasis. 
Metamucil is the highly refined mucilloid 
of Plantago ovata (50%), a seed of the psyl- 
lium group, combined with dextrose (50% 
as a dispersing agent. It produces smooth 
fecal bulk necessary to incite the normal per- 
istaltic reflexes, without causing irritation, 
straining, impaction or interference with the 


sis with Metamucil’ 


digestion or absorption of vitamins. 

The average adult dose is one teaspoonful 
of Metamucil powder in a glass of cool water, 
milk or juice, followed by an additional glass 
of fluid if indicated. This amount of fluid is 
essential for the production of ‘“‘smoothage.” 

It is supplied in containers of 4, 8 and 16 
ounces. Metamucil is accepted by the Coun- 
cil on Pharmacy and Chemistry of the Amer- 
ican Medical Association. 


SEARLE Research in the Service of Medicine 


*Barowsky, H.: A Roentgenographic Evaluation of 
the Common Measures Employed in the Treatment 
of Colonic Stasis. Rev. Gastroenterol. /9:154 
(Feb.) 1952. 
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for the patient with angina pectoris 


With Peritrate, a long-acting coronary vaso- 
dilator, an ounce of prevention (28,350 mg. of 
Peritrate) lasts a full year or longer, since only 
10 or 20 mg. are needed to protect most patients 
for 4 to 5 hours. Yet, no arithmetic formula 
can adequately define the effectiveness of 
Peritrate in providing dramatic relief from 
pain and from the fear of anginal attacks. 


According to tests made by Russek and co- 
workers, Peritrate is unexcelled in exerting 
a prolonged prophylactic effect in angina pec- 
toris. The results achieved “. . . were compar- 
able to those obtained with glyceryl trinitrate 
(nitroglycerin), but the duration of action was 
considerably more prolonged.” Patients on 


Peritrate generally exhibit significant EKG im- 
provement,” and their need for nitroglycerin 
is often reduced.* A continuing year-round 
schedule of 10 or 20 mg. 4 times a day will 
usually: 

1. reduce the number of attacks (in 8 out of 

10 patients**) ; 
2. reduce the severity of attacks not prevented. 


Available in both 10 mg. and 20 mg. tablets 
and, for extended night-long protection, in En- 
teric Coated tablets (10 mg.). 

1. Russek, H. I.; Urbach, K. F.; Doerner, A. A., and Zoh- 
man, B. L.: J.A.M.A. 153:207 (Sept. 19) 1953. 2. Winsor, 


T., and Humphreys, P.: Angiology 3:1 (Feb.) 1952. 3. 
Plotz, M.: New York State J. Med. 52:2012 (Aug. 15) 1952. 
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tetranitrate 


eS (BRAND OF PENTAERYTHRITOL TETRANITRATE) 
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TO 
DRAIN 
THE 
EDEMA 


PATIENT... 
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Effectively - Conveniently... 


Solution - Tablets 


FOR EDEMA 
due to 
cardiovascular 
and renal 
insufficiency, 
as well as 
hepatic 
cirrhosis 


WINTHROP 
= 
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. Abramson, Julius, Bresnick, Elliott, 
and Sapienza, P. L.: 
New England Jour. Med., 
243:44, July 13, 1950. 


SALYRGAN- 
Theophylline 


MERCURIAL-XANTHINE DIURETIC 


a 


By a dual action on the kidneys which both increases the volume 
of the glomerular filtrate and diminishes tubular resorption, 
Salyrgan-Theophylline rapidly produces copious diuresis. 


The response to Salyrgan-Theophylline solution 
does not “wear out” so that doses may 
usually be repeated as required, 

without loss of efficiency. 


With Salyrgan-Theophylline tablets taken orally, patients 
appreciate the gradual, non-flooding diuresis 

and the greater convenience. Salyrgan-Theophylline tablets 
“can successfully decrease the patient’s burden... 

either by decreasing the need for frequent mercurial injections 
or by actually replacing the injections entirely.” 


NEW YORK 18, N.Y. WINDSOR, ONT. 

















AND NO 


CA cXNew Grip on Problems 
of Industrial CMedicine 


TH ROUGH A Journal Designed For Your Interests 


A.M.A. Archives of INDUSTRIAL HYGIENE and OCCUPATIONAL 


MEDICINE 


Edited by men of outstanding reputation in the fields 
of industrial health and preventive industrial hygiene: 
Prof. Philip Drinker, Boston, Chief Editor; Frank 
Princi, M.D., Cincinnati; Ralph C. Leggo, Crockett, 
Calif.; Oscar A. Sander, Milwaukee; Herbert E. 
Stokinger, Cincinnati; Charles F. Shook, Sr., Toledo; 
H. N. Schrenk, Pittsburgh. 


Covering the research and field aspects of industrial 
hygiene and the clinical and medical aspects of occupa- 
tional industrial health programs. 


Merging the best features of Occupational Medicine 
and The Journal of Industrial Hygiene and Toxicology. 


Integrated closely with the activities of the Council 
of Industrial Health of the A. M. A. and the American 
Industrial Hygiene Association. 


A Better and More Useful Journal of Industrial Medicine! 


Such is the result which the Editorial Board of A. M. A. 
Archives of INDUSTRIAL HYGIENE and OCCUPA 
TIONAL MEDICINE has achieved by combining parallel 
publications. 

To the thousands of physicians who are directly or ind: 
rectly concerned today with medicine in industry, the new 
journal will bring reports of the continuing and important 
developments in the field, with original articles covering prob- 
lems and day to day experiences of physicians in industry; an 
excellent abstracting service similar to that carried in the 
Journal of Industrial Hygiene and Toxicology; additional 
foreign journal abstracting; reviews. 


Whether servicing industrial firms, attending employees, 
applying to general practice some of the findings of industrial 
medicine, or merely watching this expanding field, you will 
want to receive this vital new periodical. 





AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn Street, Chicago 10 


Enter my subscription to A. M. A. Archives of INDUSTRIAL HYGIENE and OCCUPATIONAL MEDICINE to start with 
the next issue. Per year, $8.00 in U. S. (Canadian, $8.50; Foreign, $9.00). 
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dependability every time 


Clinitest 


BRAND 


for detection of urine-sugar 


“Both Clinitest and Benedict’s qualitative test are 
completely accurate when properly performed.”* 


but 


“...there are fewer 
sources of error with 
Clinitest.’”! 


and 


“The routine Benedict 
test...is seldom well 
performed because of 
the difficulties of accu- 
rate measurement of 
reagent and urine and 
because of the practical 
difficulties of uniform 
heating; the much sim- 
pler and more readily 
standardized tablet test 
is to be preferred...” 


1, Cook, M. H.; Free, A. H., and Giordano, A. S.: Am. J. M. Technol. 19:283, 1953. 
2. Gray, C. H., and Millar, H. R.: Brit. M. J. 4824:1361 (June 20) 1953. 


Ames Diagnostics—Adjuncts in clinical management 


(S) AMES 


COMPANY, INC « ELKHART, INDIANA 
Ames Company of Canada, Ltd., Toronto 











EPISTAX!S 1S A COMMON BLEEDING COMPLICATION OF ANTICOAGULANT THERAPY 


For emergency...or routine adjustment of prothrombin time 


EMULSION OF 


MEPHYTON. 


(VITAMIN K:, MERCK) 


LONG-TERM ANTICOAGULANT THERAPY 
on a private or outpatient basis now appears feasible 
for certain thromboembolic conditions.! As an adjunct 
in the management of these diseases MEPHYTON offers 
significant advantages. It is the most dependable 
antidote available for treating hemorrhage and hypo- 
prothrombinemia due to Dicumarol®, Cumopyran®, 
Tromexan®, and Hedulin®. Intravenous injection of 
MEPHYTON restores prothrombin levels to safe ranges 
in 3 to 6 hours and frequently returns the prothrombin 
range to normal in 4 to 12 hours. Bleeding is checked 
usually in 3 to 6 hours, sometimes sooner—without 
blood transfusion. No physician’s bag should be with- 


out at least one ampul of MEPHYTON for emergency use. 
1. Tulloch, J. and Wright, i. S., Circulation 9:823, June 1954. 


OTHER INDICATIONS: Hypoprothrombinemia 
due to antibiotics, salicylates, obstructive jaundice, 
hepatic disease, impaired gastrointestinal absorption, 
and deficiency of vitamin K in the newborn. 


SUPPLIED: In boxes of six 1I-cc. ampuls, each cc. 
containing 50 mg. of vitamin K1. 


SHARP & DOHME 
Philadelphia 1, Pa. 
Division of MERCK & CO., INC 
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FIRST INJECTABLE QUINIDINE COMMERCIALLY 
AVAILABLE IN AMERICA 
TRIED - TESTED - DEPENDABLE - STABLE 


For those cases of auricular fibrillation and paroxysmal 
tachycardia where QUINIDINE is indicated and cannot be 
given, or is not effective, orally. 


Administration: \NTRAMUSCULARLY or if necessary INTRAVENOUSLY 


Auatlablde: Quinidine Hydrochloride Injectable (0.6 Gm.) in 5 cc. ampul 
Quinidine Hydrochloride Injectable (0.18 Gm.) in 11% cc. ampul 








REFERENCES: 


. Sturnick, M. I.; Riseman, J. E. F.; and Sagall, E. I.: Studies on the 
Action of Quinidine in Man: J. A. M. A. 121; 917 (March 20) 1943 

. Sagall, E. I.; Horn, C. D.; and Riseman, J. E. F.: Studies on the 
Action of Quinidine in Man: Arch. Int. Med. 71; 460 (April) 1943 

. Armbrust, Chas. A. Jr. and Levine, Samuel A.: Paroxysmal Ventricular 
Tachycardia: A Study of 107 Cases: Circulation, 1; 28-39 (Jan.) 1950 

. Bell, G. O.; Bradley, R. B.; and Hurxthal, L. M.: Paroxysmal Tachy- 
cardia, Experiences with Massive Doses of Quinidine Intravenously in a 
Refractory Case: Circulation, 1: 939 (April Part II) 1950 


For additional information — just send your R blank marked 8QU-12 


Alice Available 


FOR ORAL ADMINISTRATION 
——— Quinidine Sulfate Tablets and Capsules 
“S) (3 gr.) in bottles of 100,500 & 1000. 
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BREWER G COMPANY, INC. 


67 UNION STREET | WORCESTER 8, MASS. 
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essential 


hypertension GRADUAL 
SUSTAINED 


REDUCTION 
OF BLOOD 
PRESSURE 


e increase of renal plasma flow 
e relaxation of cerebral vascular tone 


APRESOLINE 


hydrochlori de 


SUPPLIED 


Apresoline hydrochloride Tablets, 10 mg. (yellow, double-scored), 
25 mg. (blue, coated}, 50 mg. (pink, coated); bottles of 100, 500 and 
1000; 100 mg. (orange, coated); bottles of 100 and 1000. 


Apresoline hydrochloride Ampuls, 1 ml. (each-ml. cotitainiaig 20 ins. of 


Apresoline hydrochloride); eartuns of 5, 
Apresoline® hydrochloride oe hydrochloride cba) 
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